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Development Support Systems 


Development Support systems Debugging machine __ evaluation boards 


Host machine 
Main unit Option board with EPROM 


M5M80C49A-XXXP 
M5M80C49H-XXXP - PCA8403 


f— 
M5M80C39AP 























M5M80C39HP 





MSMC49A-XXXFP 














M5MC49H-XXXFP 


M5L8048-XXXP : | PCA8403 | 
eae 
MELPS - PC4000 PCA8400 + 
8-48 M5L8049-XXXP [ PCAs403 | 
M5L8049-XXXP-6 : 
M5L8039P-11 
M5L8039P-6 
M5M8050H-XXXP | Pcas4o3_| 
- 
M5M8040HP 
I 
M5L8049H1-XXXP 
M5L8039HLP-14 
M5L8041A-XXXP 
Series 
MELPS M5L8041AH-XXXP 
8-41 
M5L8042-XXXP 
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PACKAGE OUTLINES 


TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT Dimension in mm 
«E) 
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11.9340. 3 


TYPE 24P4 24-PIN MOLDED PLASTIC DIP Dimension in mm 





15 240 3 


5 S5MAX 


0 SMIN 12 8MIN 
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PACKAGE OUTLINES 


TYPE 52P4B 52-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm) 


Dimension in mm 
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45.85" 0°> 
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J 





b) those that are characteristics of the memory. Erasure ER 
The letter symbols so far proposed for memory circuits Output enable G 
are listed in sub-clauses 3.1 and 3.2 below. Program PR 
All subscripts A should be in lower-case. Data output | O 

Read R 
3.1. Timing Requirements Row address RA 
The letter symbols for the timing requirements of semi- Row address strobe RAS 
. ; Refresh RF 
conductor memories are as follows : 
Read/Write ! RW 
Term Subscript Chip select S 
Cycle time . Write (write enable) W 
Tj ; Ib : | d Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex- 
ime interval between two signal events Saisie CAS SRBUIa NOL bei 
Fall time f 2 It should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z (See clause 5) 
p : : 3 If the same terminal, or signal, can be used for two functions (for example 
recharging time pe Data input/output, Read/Write) the waveform should be labelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter 
Refresh time interval rf 5 SUBS 
Settin time ig : CRIPTS C AND E 
Re ee ; (For Transition of Signal) 
Pulse duration (width) Ww The following symbols are used to represent the level or 
state of a signal : 

3.2. Characteristics Transition of signal Subscript 
The letter symbols for the dynamic characteristics of High logic level H 
semiconductor memories are as follows : Low logic level L 

ree ; Valid steady-state level (either low or high) V 
Characteristic Subscript ; ; ; : 
Unknown, changing, or ‘don’t care’ level X 
Access time a High-impedance state of three-state output Z 
Disable time dis - ; oe : 
: The direction of transition is expressed by two letters, 
Enable time en ; ; 
. ‘ the direction being from the state represented by the 
Propagation time Pp ; j 
; first letter to that represented by the second letter, with 
Recovery time rec ae be} b ' 
oe ; the letters being as given above. 
Transition time T } ee 

1a When no misunderstanding can occur, the first letter 

Valid time Vv 


may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 


E Id be i -case. 
4. SUBSCRIPTS B AND D All subscripts C and E should be in upper-case 


Note Recovery time for use as a characteristic is limited to sense recovery time 





. . Subscript 
(For Signal Name or Terminal Name) 
The letter symbols for the signal name or the name of Examples Full Abbreviated 
the terminal are as given below. Transition from high level to 
All subscripts B and D should be in upper-case. low level HL L 
Transition from low level to / 
Signal or terminal ’ Subscript high level LH H 
Transition from unknown or 
Address A changing state to valid state XV V 
Clock C Transition from valid state to 
Column address CA unknown or changing state VX xX 
Column address strobe CAS ‘Transition from high-impedance 
Data input D state to valid state ZV V 
Z \ ’ . Note Since subscripts C and E may be abbreviated, and since subscripts B and D 
Data input/output DQ may contain an indeterminate number of letters, it is necessary to put the 
Chip enable E restriction on the subscripts B and D that they should not end with H, L, 
V, X,or Z, so as to avoid possible confusion 
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FOR DIGITAL INTEGRATED CIRCUITS 
Former symbo! Parameter—definition 





C, Input capacitance 

Co Output capacitance 

Ci/o Input/output terminal capacitance 
Ci(g) Input capacitance of clock input 
f Frequency 

f (¢) Clock frequency 


| Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 





lBB Supply current from Veg 

| BB(AV) Average supply current from Veep 
loc Supply current from Vcc 

| CO(AV) Avarage supply current from Vcc 
lcc(PD) Power-down supply current from Vcc 
lop Supply current from Vpp 

I DD(AV) Average supply current from Vpp 
leg Supply current from Veg 

|GG(AV) Average supply current from Veg 


I Input current 


lH High-level input current—the value of the input current when Voy ts applied to the input considered 

hin Low-level tnput current—the value of the input current when Vo, is applied to the input considered 

1OH High-level output current—the value of the output current when Voy !s applied to the output considered 

lou Low-level output current—the value of the output current when Vo, 1s applied to the output considered 

loz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 


it will establish according to the product specification, the off (high-impedance) state at the output 








10ZH | Off-state (high-impedance state) output current, with high-level voltage applied to the output 

loz Off-state (high-impedance state) output current, with low-level voltage applied to the output 

los Short-circutt output current 

Iss Supply current from Vgg 

Pd Power dissipation 

New Number of erase/write cycles 

Nra Number of read access unrefreshed 

R, Input resistance 

Re External load resistance 

Rorr Off-state output resistance , 

Ron On-state output resistance 

ta : Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signa! at an output 

ta (A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 

ta(Cas) Column address strobe access time 

ta(e) ta (ce) Chip enable access time 

ta (G) ta (oe) Output enable access time ; 

ta (PR) Data access time after program 

tg (RAS) Row address strobe access time 

tacs) ta(cs) Chip select access time 

to Cycle time 

tor to (RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle ; 

torr to (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 

tcpG tco(pa) Page-mode cycle time 

tcRMW to (RMR) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory ts read and new data !s entered, and the start of 
the next cycle 





tow to (WR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 
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New symbol 


Former symbol 


Parameter—definition 





tsu(p) 
tsu(p-E) 
tsu(D-w) 
tsu(e) 
tsu(e-P) 
tsu(G-E) 
Tsu (P-E) 
tsu(PD) 
Tsu(R) 
tsu(R-CAs) 


tsu (RA-cAS) 





tsu(DA) 
tsu(DA-CE) 
tsu(pa-wrR’* 
tsu(ce) » 
tsu(CE-P) 
tsu(0E-CE) 


tsu(PcE) 


tsu(RD) 


tsu (RA-CAS) 








Data-in setup time = 
Chip enable setup time before data-in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 

Chip enable setup time before precharge 

Power-down setup time 

Read setup time 

Column address strobe setup time before read 


Column address strobe setup time before row address 


® 





tsu(s) tsu(cs) Chip select setup time 
tsu(s-w) tsu(cs-wR) Write setup time before chip select 
tsu(w) tsu (wr) Write setup time 
tTHL High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output ts 
going to the low (high) level and when a specified input signal is applied through a specified network and 
tTLH Low-level- to high-level transition time the output !s loaded by another specified network 
tv (a) tdv (AD) Data valid time after address 
tv(e) ldv (ce) Data valid time after chip enable 
ty (E)PR ty (CE)PR Data valid time after chip enable in program mode 
tv(c) tv (oe) Data valid time after output enable 
tv (PR) Data valid time after program 
tvs) ty (cs) Data valid time after chip select 
tw Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 
tw(e) tw(ce) Chip enable pulse width 
tw (EH) tw (CEH) Chip enable high pulse width 
tw(EL) tw(eL) Chip enable low pulse width : 
tw (pr) Program pulse width 
twcr) twenes i Read pulse width 
tw (Ss) twos) Chip select pulse width ; . 
twcw) twcwr) Wrtie pulse width 
two¢) Clock pulse width 
Ta Ambient temperature 
Topr Operating temperature \ 
Tstg Storage temperature 
VeBB Vee supply voltage 
Voc Vcc supply voltage 
Vpp Vpp supply voltage 
VGcG Vac supply voltage 
V1 Input voltage 
Vin High-level input voltage—the value of the permitted high-state voltage at the input 
VIL Low-level input voltage—the value of the permitted |ow-state voltage at the input 
Vo Output voltage 
VoOH High-level output voltage—the value of the guaranteed high-state voltage range at the output 
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output 
Vss | Vsg supply voltage 
_~ 
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DESIGN/ 
QUALITY PRODUCTION 
STAGE) MARKET SALES PRODUCTION | MANUFACTURING 
’ \ 


MARKET SURVEY 
i STRATEGIC PRODUCT PLAN 


® N/DEVE i PMENT/ 

DESIGN REVIEW 
— 
RIAL PRODUCTION/ QUALIFICATION 
HARACTERIZATION 


= QUALIFICATION (1) 
fot sa 


DECISION OF PRE-PRODUCTION 


PREPARATION 
OF SPECS./ 
INSTRUCTION 


PRE-PRODUCTION 















DESIGN/DEVELOPMENT 

















QUALIFICATION (2) 


DECISION OF MASS PRODUCTION 





MATERIAL 
INCOMING 
TEST 
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Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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3 RELIABILITY TEST RESULTS — 

The reliability test results for Mitsubishi Single-chip 8-bit 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of steady-state 
operation life and high temperature storage life test for rep- 
resentative types of Single-chip 8-bit Microcomputers, 
MELPS 740, MELPS 8-48, MELPS 8-41, and Peripheral 
LSls. From Table 2, the combined failure rate of Mitsubishi 


Table 2 ENDURANCE TEST RESULTS 





Single-chip 8-bit Microcomputers is calculated 0.16% 
/1000hours at 125°C ambient temperature operation. 

Table 3 shows the result of environment test of temperature 
cycling, high temperature/high humidity and pressure cook- 
er test for the same type of products as of endurance tests. 
Table 4 shows the results of mechanical tests for repre- 
sentative products of various package types. 


































































































































































; Test Condition Number of 
Test Series Type Number = : 
Ta(C) |Voc(volt)| Samples | (Hours) Failures 
High Temperature MELPS 740 M50740-XXXSP 125 7 1084 1, 816, 000 4 
Operation Life M50743-XXXSP 6 36 36, 000 0 
M50744-XXXSP Z 132 180, 000 0 
M50745-XXXFP , 6 48 96, 000 0 
M50747-XXXSP Zz 480 732, 000 2 
M50753-XXXFP 6 48 48, 000 0 
M50754-XXXSP 6 120 186, 000 0 
M50757-XXXSP 6 48 48, 000 0 
M50931-XXXFP 6 48 72, 000 0 
M50943-XXXFP 6 36 36, 000 0 
M50950-XXXSP 6 36 72, 000 0 
M50734SP 6 132, 000 0 
M50747ES 7 38, 000 -0 
M50747E-XXXSP 7 280, 000 ie 1 
IM ELPS 8-48 ' M5L8049-XXXP 5.5 66 66, 000 0 
M5L8050H-XXXP 5.5 72 72, 000 0 
| M5M80C49-XXXP 5:5 170 170, ce ee 0 
| MELPS 8-41 M5L8041A-XXXP 5.5 44 44, 000 0 
M5L8042-XXXP a 5.5 88 88, 000 0 
Peripheral M5L8243P 5.5 44 44, 000 0 
te M5M82C43P 5 | 66 66, 000 0 
High Temperature MELPS 740 | M50740-XXXSP 150 i 448 448, 000 0 
Storage Life M50744-XXXSP 120 120, 000 0 
M50747-XXXSP 360 720, 000 0 
M50753-XXXFP 32 32, 000 0 
M50754-XXXSP 60 60, 000 0 
M50931-XXXFP 32 32, 000 0 
M50943-XXXFP 22 22, 000 0 
M50734SP 48 | 48, 000 0 
M50747ES 44 44, 000 0 
| M50747E-XXXSP . 175 66 66, 000 0 
MELPS 8-48 M5L8049-XXXP 150 = 66 66,000 | 0 
M5L8050H-XXXP 66 66, 000 0 
M5M80C49-XXXP 88 | 88, 000 0 
| MELPS 8-41 tif M5L8041A-XXXP 150 = 44 44, 000 0 
| M5L8042-XXXP | 88 88, 000 fe 0 
Peripheral M5L8243P 150 a 44 44, 000 0 
M5M82C43P 66 66, 000 0 
Low Temperature MELPS 740 M50740-XXXSP 44, 000 0 
Storage Life M50744-XXXSP 36, 000 ‘0 
M50747-XXXSP 36, 000 0 
22, 000 0 
M50753-XXXSP 36, 000 © 0 
M50757-XXXSP 48, 000 0 
M50950-XXXSP 24, 000 0 
M50734SP 44, 000 0 
2 [ s0747exxxsP 44,000 | Oo 
MELPS 8-48 M5L8049-XXXP 22,000 | 0 
| M5M80C49-XXXP 22, 000 0 
MELPS 8-41 M5L8042-XXXP 22, 000 0 
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Number of Number of Failures 
ee were 100Cycles | 500Cycles 




















































































Temperature Cycling MELPS 740 M50740-XXXSP —65°C, SOrnIne 0 1 
M50743-XXXSP 150°C, 30min : 0 0 

M50744-XXXSP 120 0» 0 0 

— M50745-XXXFP 38 0 0 0 
M50747-XXXSP \ 400 0 0 0 

M50747-XXXFP 38 0 0 0 

M50753-XXXFP 38 0 0 0 

M50754-XXXSP 88 0 0 0 

M50754-X XX FP 96 0 0 0 

M50931-XXXFP 38 0 0 0 

M50734SP 72 0 0 0 

M50747ES —65°C, 30min 38 0 0 0 

M50747E-XXXSP TC, 30min 38 0 0 0 

MELPS 8-48 M5L8049-XXXP 0 0 0 
M5L8050H-XXXP 0 0 0 

M5M80C49-XXXP 0 0 0 

| M5MC49-XXXFP oO |; O 0 
MELPS 8-41 M5L8041A-XXXP —65, 30min 0 0 0 
iE M5L8042-XXXP 150°C, 30min 0 | 0 0 
Peripheral M5L8243P —65°C, 30min 0 0 0 
M5M82C43P ‘C, 30min 0 0 0 
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Fig.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 


Fig.8 

Cl 
distribution 
on corroded 
Aluminum 
bonding pad 





(3) Destructive Failure by Electrical Overstress 
Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are an example of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X ray micro 
“ahalysis. | 


Fig.9 

Micrograph of surge 

. »DESTRUCTION | voltage destruction 
- 


Tate tt ‘\ 
Cen 
a 


+ 
5 a 
Ne. aaah athe ot ett 

sv amtieteial thee toad wa dat te 9 








(4) Aluminum Electromigration : ; 
Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 


me Fig.11 
=| Voids and 
| hillocks 
formation 
7 by Aluminum 


5 SUMMARY 
The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action, and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 





TRACES OF Fig.10 Mitsubishi would highly appreciate if the customer would 
WSC §=Aluminum trace provide quality and reliability data of incoming inspection or 
ENR GeHON of destructive spot ; 
SE _ field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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M5L8048-XXXP Block Diagram 
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« 


BASIC FUNCTION BLOCKS 

Program Memory (ROM) 

The M5L8048-XXXP contain 1024 bytes of ROM. The 
M5L8049-XXXP contains 2048 bytes of ROM. The program 
for the users application is stored in this ROM. Addresses 0, 
3, 7 of the ROM are reserved for special functions. Table 1 
shows the meaning and function of these three special 
addresses. 


\ 


Table 1 Reserved, defined addresses and their 
meanings and functions 


Meaning and function 


ee | The first instruction executed after a system reset 
ee The first instruction executed after an external interrupt 1s 


accepted. 

The ROM can be used to store constants and other 8-bit 
fixed data in addition to the program. Instructions such as 
MOVP A, @A and MOVP3 A, @A can be used to access 
the constants and data. The data could be in the form of 
tables, and can be easily looked up. 












Data Memory (RAM) 

The M5L8048-XXXP and M5L8748S contain 64 bytes of 
RAM. The M5L8049-XXXP contains 128 bytes of RAM. 
The RAM is used for data storage and manipulation and is 
divided into sections for more efficient processing. Ad- 


dresses O~7 and 24~31 form two banks of general purpose : 


registers that can be directly addressed. Addresses O~7 
compose bank O and are numbered RO~R7. Addresses 
24~31 compose bank 1 and are also numbered RO~R7. 
Only one bank is active at a time. The instructions SEL 
RBO and SEL RB1 are used to select the working bank. 
Fig. 1 shows the division of the RAM and its mapping. 

Addresses 8~23 compose an 8-level program counter 
stack. The details for using the stack will be found in the 
“Program Counter and Stack’’ section. Please refer to that 
section for details. 

The remaining section, addresses 32 and above, must 
be accessed indirectly using the general-purpose registers 
RO or R1. Of course all addresses can be indirectly ad- 
dressed using the general-purpose registers RO and R1. 











A good practice to simplify programming is to reserve 
general-purpose register bank O for use of the main program 
and register bank 1 for interrupt programs. For example if 
register bank O (addressed O~7) is reserved for processing 
data by the main program, when an interrupt is accepted 
the first instruction would be to switch the working regis- 
ters from bank 0 to bank 1. This would save the data of 


the main program (addresses O~7). The interrupt program 


can then freely use register bank1 (addresses 24~31) with- 
out destroying or altering data of the main program. When 
the interrupt processing is complete and control is returned 
to the main program by the RETR instruction, register 
bank O (in this example) is automatically restored as the 
working register bank at the same time the main program 
counter is restored. 

Addresses 0~31 have special functions, but when not 
all of the registers are required, the ones not needed can be 
used for general storage. This includes both banks of gene- 
ral-purpose registers and the stack. 


63 
USER RAM 
32x 8 


GENERAL-PURPOSE REGISTERS 
REGISTER BANK 1 


8-LEVEL STACK 
16x 8 


GENERAL-PURPOSE REGISTERS 
REGISTER BANK 0 


Fig. 4 Data memory (RAM) 


PROGRAM COUNTER (PC) AND‘ STACK (SK) 


The Series MELPS8-48 program counter is composed of a 
12-bit binary counter as shown in Fig. 5. The low-order 10 
bits can address 1024 bytes of memory. When the high- 
order 2 bits are zero, the internal, on chip memory is 
accessed. The high-order 2 bits can have the values 1~3, 
which allows the user to add up to three banks of 1024 
bytes. The program counter can address up to 4096 bytes 
of memory. 
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1/O PORTS 
The Series MELPS8-48 has three 8-bit ports, which are cal- 
led data bus, port 1 and port 2. 
Port 1 and Port 2 
Ports 1 and 2 and both 8-bit ports with identical proper- 
ties. The output data of these ports are retained and do not 
change until another output is loaded into them. When 
used as inputs the input data is not retained so the input 
signals must be maintained until an input instruction is 
executed and completed. 

Ports 1 and 2 so-called quasi-bidirectional ports have 
a special circuit configuration to accomplish this. The 


special circuit is shown in Fig. 8. All terminals of ports 
1 and 2 can be used for input or output. 


’ Fig. 8 I/O ports 1 and 2 circuit 


Internal on chip pull-up resistors are provided for all 
the ports. Through the use of pull-up resistors, TTL stand- 
ard high-level or low-level signals can be supplied. Therefore 
each terminal can be used for both input and output. To 
shorten switching time from low-level to high-level, when 1s 
are output, a device of about 5k{Q2 or lower is inserted for 
a short time (about 500ns when using a 6MHz crystal oscil- 
lator). 

A port used for input must output all 1s before it reads 
the data from the input terminal. After resetting, a port is 
set to an input port and remains in this state, therefore it 
is not necessary to output all 1s if it is to be used for input. 
In short a port being used for output must output 1s before 
it can be used for input. 

The individual terminals of quasi-bidirectional ports 
can be used for input or output. Therefore some terminals 
can be in the input mode while the remaining terminals 
of a port are in the output mode. This capability of ports 
1 and 2 is convenient for inputting or outputting 1-bit or 
data with few bits. The logical instructions ANL and ORL 
can easily be used to manipulate the input or output of 
these ports. 





Data Bus (Port 0) 
The data bus is an 8-bit bidirectional port, which is used 
with I/O strobed signals. When the data bus is used for 
output the output data is latched, but if it is used for input 
the data is not latched. Unlike ports 1 and 2, which can 
have individual terminals in the input or output mode, all 
terminals of the data bus are in the input or output mode. 

When the data bus is used as a static port the OUTL in- 
struction can be used to output data and the INS instruc- 
tion to input data. Strobe pulse RD is generated while the 
INS instruction is being executed or WR while OUTL is 
being executed. 

The data bus read/write using MOVX instructions, but 
then the data bus is a bidirectional port. To write into the 
data bus a WR signal is generated and the data is valid when 


WR goes high. When reading from the data bus, an RD sig- 


nal is generated. The input levels must be maintained until 
RD goes high. When the data bus is not reading/writing, it 
is in the high-impedance state. 


CONDITIONAL JUMPS USING TERMINALS T,, 
T, and INT 

Conditional jump instructions are used to alter program de- 
pending on internal and external conditions (states). Details 
of the jump instructions for the Series MELPS8-48 can be 
found in the section on machine instructions. 

The input signal status of Tg, T,; and INT can be check- 
ed by the conditional jump. instructions. These input 
terminals, through conditional jump instructions such as 
JTO and JNTO, can be used to control a program. Pro- 
grams and processing time can be reduced by being able 
to test data in input terminal rather than reading the data 
into a register and then testing it in the register. 

Terminal Ty, T; and INT have other functions and uses 
that are not related to conditional jump instructions. The 
details of these other functions and uses can be found in 
the section on terminal functions. 
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The STRT T instruction is used to change the counter 
to a timer. The internal clock signal becomes the input to 
the timer. The internal clock is 1/32 of 400kHz (when 
using 6MHz crystal) or 12.5kHz. The timer is therefore 
counted up every 8Q0us. Fig. 9 shows the timer/event 
counter. 

The counter can be initialized by executing an MOV T, 
A instruction. The timer can be used to measure 80us~ 
20ms in multiples of 80us. When it is necessary to measure 
over 20ms (maximum count 256x80us) of delay time the 
number of overflows,one every 20ms, can be counted by 
the program. To measure times of less than 80us; external 
clock pulses can be input through T, while the counter is 
in the event counter mode. Every third (or more) ALE sig- 
nal can be used instead of an external clock. 


CONDITIONAL 
OSCIL~ICOUNTER 


Lise ACCUMU- 
COUNTER LATOR 


INTERRUPT ENABLE 


Fig. 9 Timer/event counter 








SERIES MELPS8-48 CYCLE TIMING 
The output of the state counter is 1/3 the input frequency 
from the oscillator. When a 6MHz crystal is used for input, 
the output would be 2MHz (500ns). A CLK signal is gener- 
ated every 500ns (one state cycle) which is used for the 
demarcation of each machine state. The instruction ENTO 
CLK will output the CLK signal through terminal To. The in- 
put of the cycle counter is CLK (state cycle) and the output 
is an ALE signal which is generated every 5 state cycles. 

Fig. 11 Shows the relationship between clock and gene- 
rated cycles. ° 

One machine cycle contains 5 states with a CLK signal 
for demarcation of each state. The Series MELPS8-48 in- 
structions are executed in one machine cycle or two 
machine cycles. An instruction cycle can be one or two 
machine cycles as shown in Fig. 12. 


ENTO CLK 


% 
STATE 
COUNTER 


CLK 500ns 


MWe CYCLE 
COUNTER 





DECODER 


1 MACHINE CYCLE 


INSTRUCTION EXECUTION 
5 Ous 


2 MACHINE CYCLES 


Fig.12 Instruction execution timing 
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A type D flip-flop with preset and reset terminals, as shown 
in Fig. 11, is used to generate the signal for SS. When the 
preset terminal goes to low-level, SS goes to high-level, 
which puts the CPU in RUN mode. When the preset termi- 
nal is grounded it goes to high-level. Then SS goes to low- 
level. When SS goes to low-level, the CPU stops. Then when 
the push-button switch is pushed, a pulse is sent to the 
clock terminal of the type D flip-flop which turns SS to 
high-level. When SS goes to high-level the CPU fetches the 


next instruction and begins to execute it, but then an ALE 
signal is sent to the reset terminal of the type D flip-flop 
which turns SS to low-level. The CPU again stops as soon 
as execution of the current instruction is completed. When 
the push-button switch is again pushed, the cycle is repeat- 
ed and the CPU is in single-step operation as shown in Fig. 
12. While the CPU is stopped in single-step operation, the 
data bus and the low-order 4 bits of port 2 are used to out- 
put the memory address of the next instruction to be fetch- 
ed. This interferes with input and output, but essential 
input/output can be latched by using the rising edge of 
ALE as clock. 


Central Processing Unit (CPU) 

Central Processing Unit (CPU) is composed of an 8-bit para- 
lel arithmetic unit, accumulator, flag flip-flop and instruc- 
tion decoder. The 8-bit parallel arithmetic unit has cir- 
cuitry to perform the four basic arithmetic operations 
(plus, minus, multiply and divide) as well as logical opera- 
tions such as AND and OR. The flag flip-flop is used to 
indicate status such as carry and zero. The accumulator 
contains one of the operations and the result is usually 
retained in the accumulator. 


y 


WHEN SS IS LOW, THE CPU RECOGNIZES THAT 
IT 1S TO STOP 


WHEN THE NEXT INSTRUCTION IS FETCHED, 
THE CPU SETS SWITCHES SO IT WILL STOP AFTER 
THE EXECUTION OF THE INSTRUCTION IS COM- 
PLETED 


WHEN ALE IS HIGH, THE MEMORY ADDRESS OF 
THE NEXT INSTRUCTION TO BE FETCHED IS OUT- 
PUT THROUGH THE DATA BUS (8 BITS) AND THE 
LOW-ORDER 4 BITS OF PORT 2 


WHEN SS IS RETURNED TO HIGH LEVEL THE 
CPU RECOGNIZES THAT IT IS IN THE RUN MODE 
THEN THE ALE SIGNAL GOES TO LOW-LEVEL 
WHICH INDICATES THE CPU IS IN THE RUN MODE 
AND THAT IT IS EXECUTING INSTRUCTIONS ‘ 


IF THE CPU IS IN THE SINGLE-STEP MODE (PRE- 
SET TERMINAL GROUNDED), AS SOON AS ALE 
GOES TO LOW-LEVEL, SS GOES TO LOW-LEVEL 
(STOP) IF THE CPU IS THE RUN-MODE (PRE- 
SET TERMINAL NOT GROUNDED), SS WILL RE- 
MAIN AT HIGH-LEVEL 





Fig. 15 CPU operation in single-step mode 
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. Effected 
Instruction code e| 3 
F = 9 Function 
eXa- ia) 
2 













Description 


/ 
Mnemonic 




















ie = The logical product of the contents of regis- 
ANL Ay =n Cys tA) en | ter A and data n, Is stored in register A 
The logical product of the contents of regis- 
A)<~ (A) A(R 
ANL A, Rr CA) RDA MRD if ter A and the contents of register R,, ts 
ad ae stored in register A 

The logical product of the contents of 
‘Kei Ana 0101 (A) (A) ACM(Rr) ) register A and the contents of memory loca- 
, 01 tion, of the current page, whose address !s 

in register R,, is stored in register A 
sh 43 The logical sum of the contents of register 

ORL A, =n n 2) 2 | (A)—(A)Vn i A and data n, Is stored in register A 
48 Ra V(R The logical sum of the contents of register A 
ORL Rr + 1 1 Ae EN) and the contents of register R, 1s stored tn 


r=0~7 





register A 


The logical sum of the contents of register A 
and the contents of memory location, of 
the current page, whose address 1s tn regis- 
ter R-, ts stored in register A 


(A) (A)V (M(Rr)) 
r=0~1 












The exclusive OR of the contents of register 


2 | (A)— (A)¥n A and data n, Is stored in register A 








The exclusive OR of the contents of register 
A and the contents of register R; ts stored 
in register A 


(A) — (A) (Rr) 
r=1~7 












The exclusive OR of the contents of regtster 
A and the contents of memory tocation, ur 
the current page, whose address 1s in register 
R,, is stored in register A 


(A) — (A)¥ (M(Rr)) 
r=0~1 








XRL A, @Rr + 


> 
ie) 


Arithmetic 
=a 
a 
° 
¥ 
(eo) 
Oo 
fo} 
a 
fo} 
iw) 

- oO 





Increments the contents of register A by 1 
The result is stored in register A, and the car- 
ries are unchanged 


INCA 17 (A) <—(A)+1 





Decrements the contents of register A by 1 
The result 1s stored in register A, and the car- 
ries are unchanged 


00190 o111 | h 
Sn be (ay=0 | 3 oa the contents of register A, resets to 
001 1 o114t1 — Forms 1's complement of register A, and 


Thecontents of register Ais converted to binary 
coded decimal notion, and It is storedin register 
A If the contents of register A are more than99 
the carry flags are set to 1 otherwise they are 
reset to 0 

Exchanges the contents of bits O~3 of regis- 
ter A with the contents of bits 4~7 of regis- 
ter A 


DEC A O07 (A) (A)-1 














(A) — (A) 10 Hexadecimal 


(Ag~A7)<— (Ag ~A3) 


(An+1)— (An) 
(Ao) — (Ay) n=0~6 


Shifts the contents of register A left one bit: 
A, the MSB ts rotated to Ag the LSB 





Shifts the contents of register A left one bit 
A, the MSB is shifted to the carry flag and 
the carry flag is shifted to Ag the LSB 


(An +1)—(Ap) 
(Ag) + (C) 
(C)<(A7) n=0~6 





(And — (An 41) 
(A7)<— (Ap) n=0~6 


Shifts the contents of register A right one 
bit Ag the LSB Is rotated to Az the MSB 


Shifts the contents of register A right one 
bit Ag the LSB 1s shifted to the carry flag 
and thé carry flag 1s shifted to Az the MSB 


(An) —(An +1) 
(A7) + (C) 
(C)+ (Ag) n=0~6 


Increments the contents of register R, by 
1 The result 1s stored in register R; and the 
carries are unchanged 


(Rr) (Rr) +1 
r=0~7 





Increments the contents of the memory 
location, of the current page, whose address 
is in register Ry by 1 Register R, uses bit 
O~5 





(M(Rr))<—(M(Rr)y+1 


INC @Rr 
r=0~1 








Decrements the contents of register R, by 
1 The result '% stored in register R; and the 
carries are unchanged 


(Rr) <—(Rr)—-1 
r=0~7 


Register arithmetic 
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Cycles 


instruction code 
Mnemonic H 
exa- 
D7Dg0s5Dq 0302D;Do decimal! 
CALL me. a de 
RET 


ear iene aa 
OUTL Pp, A 0o1 1 1 O P1PoO 





M19g Mg Meg 1 ((SP)) — (PC) (PSWa~ PSW7) 
(SP) —(SP) +1 


(PCo-~10)<-m 


(PC;,) <— MBF 







(SP) + (SP)—1 
(PC) — ((SP)) 


Subroutine calf 


aa wi 
° fo) 
° re) 
= ° 
°o °o 
o ° 
= : at 
a aw 
a ee 
viol] voto ra) 


(SP) <—(SP)~—1 


(PC) (PSWa~ PSW7)<-(( SP) ) 


(A) <— (Pp) 


p=1~2 


(Pp) = (A) 
p=1~2 





ANL Pp, tn 10014 1 O0Ppipo; 98 (Po)=(Pp)An 
nr Ngngn, NgNan,Ng a =1~2 

ORL Pp, #n 1000 1 Opipo| 88 (Pp)+-(Pp)V n 
N,NgNsnN, N4NZN,No ae p=1~2 


INS A, BUS 






(A) — (BUS) 


0000 1000 
OUTL BUS, A 0000 001 0 
ANL BUS, tn 1 


ORL BUS, tn 


(BUS) — (A) 


(BUS) — (BUS) An 





o 
fe) 









(BUS) — (BUS) Vin 


1 
P1 Po ei 
P1Po0 
1 Pip 
: + 
P1P0 


1 PiPo 


Input/Output control 


1°) 
oO 


0000 1 


oot 1 
MOVD Pp, A 

1001 1 
ANLD Pp, A 


1 0011 Bc 
ORLD Pp, A 9 P1Po eg 
P1P0 


(Ap~A3) —(Ppo~Pp3) 





(Ag~A7)<—0 p=4~7 





oo 
i?) 


(Ppo~Pp3)<-( Ag ~A3) 
p=4~7 


© 
2) 


of 


P1Po 
p=4-7 





p=4~7 


pram 























(Ppo~ Pp3) <—( Ppo~ Pp3) AC Ao~A3? 


(Ppp ~ Pp3)—(Ppo ~ Pp3) V (Ag~A3) 





Effected 
carry 
cae] § 


\Description 


Note 


Calls subroutine from address m The pro- 
gram counter and the 4 high-order bits of 
the PSW are stored in the address indicated 
by the stack pointer (SP) The SP Js incre- 
mented by 1 and mis transferred to PCo~ 
PCi9 and the MBF ts transferred to PC,, 





The SP is decremented by 1 The program 
counter is restored to the saved setting in 
the stack indicated by the stack pointer 
The PSW is not changed and interrupt dis- 
abled is matntained 


The SP ts decremented by 1 The program 
counter and the 4 high-order bits of the 
PSW are restored with the saved data in the 
stack indicated by the stack pointer The 
interrupt becomes enabled after the execu- 
tion 1s completed 





Loads the contents of Pp to register A 





Output latches the contents of register A to 
Pp 
p 


Logical ANDs the contents of Pp and data 
n Outputs the result to Pp 


Logical ORs the contents of Pp and data 
n Outputs the result to Pp 


Enters the contents of data bus (port 0) 
to register A 


Output latches the contents of register A 
data to data bus (port 0) 


Logical ANDs the contents of data bus 
(port 0) and data n Outputs the result to 
data bus (port QO) 


Logical ORs the contents of data bus (port 
O) and data n Outputs the result to data 
bus (port 0) 


Inputs the contents of Pp 

to the low-order 4 bits 

of register A and inputs 0 Py's used 

to the high-order 4 bits | for  multi- 

of register A plying 8243 
ports are P, 

Outputs the low-order 4 | ~Py 

bits of register A to Pp Correspon- 

dence to p2, 

P, isshown 


Logical ANDs the 4 low- helow 


order bits of register A 

and the contents of Pp | P4 Pp yp2=90 

Pp contains the result PS p,p2=01 
P6 p,p2= 10 


Logical ORs the 4 low- | P? PyP2=11 
order bits of register A 

and the contents of Pp 

Pp contains the result 
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RESET input low level TF(Timer Flag) 0 

TIRF(Timer INT Request FF) +0 
TCNTF(Timer INT Enable FF) —0 
INTE( External INT Enable FF) +0 
IFFCINT Enable FF) — 1 


JTF execution TF(Timer Flag) «0 


Timer/event counter TF(Timer Flag) + 1 
overflow 


When TIRF( Timer INT Request FF) + 1 TCNTF(Timer INT Enable FF) = 
EN TCNTI execution 


TCNTF(Timer INT Enable FF) < 1 

TCNTF(Timer INT Enable FF) +0 
EN | execution | INTF(External INT Enable FF) + 1 

INTF(External INT Enable FF) 0 


IEF(INT Enable FF) «1 



































































8-bit register (accumlator) Program counter 


The low-order 4 bits of the register A The low-order 8 bits of the program counter 
The high-order 4 bits of the register A The high-order 3 bits of the program counter 
The bits of the register A Program status word 
The value of the bits 5~7 of the first byte machine code 
The bits 5~7 of the first byte machine code Register designator 
Register bank select Register number 
Corresponds to the port O (bus |/O port) The value of bit O of the machine code 
The value of bits O~2 of the machine code 
Auxiliary carry flag S$2S1S90 The value of bits O~2 of the stack pointer 
Carry flag SP Stack pointer 
Data bus buffer ST4~ST7 Bits 4~7 of the status register 
STS System status 
Fo Flag O 7 Timer/event counter 


Fy Flag 1 To ; Test pin O 


INTF Interrupt flag T; Test pin 1 
IBF Input buffer full flag 


Timer/event counter overflow interrupt flag 
m The value of the 11-bit address TF Timer flag 


m7Memsmam3memimo Mel case byte (low-order 8 bits) machine code of the 
1-bit address 
miomMmg meg The bits 5~7 of the first byte (high-order 3 bits)machine 
code ofothe 11-bit address 
(M (A)) 


The content of the memory location addressed by the register A Symbol to indicate the cuntent of the memory location 


Symbol to indicate the immediate data 


(M (Rr)) 


(Mx(Rr)) The content of the external memory location addressed 
by the register Rr 
MBF Memory bank flag 


The content of rhe memory location addressed by the register Rr address by the register 


Shows direction of data flow 


Exchanges the contents of data 


n The value of the immediate data Contents of register, memory location or flag 


NAW 5N 4N 3N aN {Ng The immediate data of the second byte machine code Logical AND 
OBF Output buffer full flag Inclusive OR 


Exclusive OR 
p Port number Negation 


Pp 


Port designator Content of flag 1s set or reset after execution 


The bits of the machine code corresponding to the port number 
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DESCRIPTION 

The M5L8048-XXXP and M5L8035LP are 8-bit parallel 
microcomputer fabricated on a single chip using high- 
speed N-channel silicon-gate ED-MOS technology. 


M5L8048-XXXP Built-in ROM (1K bytes) 
M5L8035LP External ROM 


FEATURES | 
@ Single 5V power supply . 
@ Instruction cycle Rusia @itdne , wou toca A 2.5us (min) 
@ Basic machine instructions: ........... ae, Aca 96 
1-byte instructions: 68 
2-byte instructions: 28 
@ Direct addressing ............6. up to 4096 bytes 
@ Internal ROM ...............-.0.. 1024 bytes 
(for M5L8048-XXxXP only) 
@ Internal RAM ....... 2.0.0 ee ee ene 64 bytes 
@ Built-in timer/event counter ........ sb a Ye 8 bits 
O° 1/0 POMS 4:0.254.08. ca bs ore Ne 27 lines 
@ Easily expandable Memory and !/O 
@ Subroutine nesting .........002 ee ee ees 8 levels 
@ External and timer/event counter interrupt . 1 level each 
@ Low power standby mode 
@ External RAM ............0206- .... 256 bytes 
@ Interchangeable with i8048 and i8035L in pin configura- 
tion and electrical characteristics 
APPLICATION 
@ Control processor or CPU for a wide variety of appli- 


cations 


BLOCK DIAGRA 


M DATA BUS I/O PORT 1 


CDED CD) CDCN MID 
att 


BUS BUFFER 


o i 


PORT 
con PORT 2 LATCH 


EXTENDED 1/0, 


x 
OE 
ae 
35 
mad 


(5V) Von & 
(5V) Voc (40) 
(OV) Vss (20) 


ARITHMETIC 


CONTROL CIRCUIT ee 


CHEBICIED BN BDEBEI-ANCVCI CDH) GOGH 
ETE PEEP 


PORT 1 PORT 2 De 
BUS BUFFER BUS BUFFER | PROGRAM { 
| SELECT ( . 


UCTION 
ODER 


PIN CONFIGURATION (TOP VIEW) 


TEST PIN 0 To + 
CLOCK INPUT 1 X, > 
CLOCK INPUT 2 X, —> 


RESET INPUT RESET — [4 | 
SINGLE-STEP INPUT SS —> 
INTERRUPT ju 

REQuEsT INPUT INT — L8J 
EXTERNAL ACCESS EA-> 
READ RD — 

PROGRAM ===— 
STORE ENABLE PSEN + 
WRITE WR <— 

ADDRESS 

LATCH ENABLE ALE + 


Voc (5V) 
+— T; TEST PIN 1 
+ P2, 
+> P2, 
+ P2, 
+> P2, 
+ Pt, 
Pl, 
+ Pts 
+ Pl, 
+ PA, 
+ PI, 
> PI, 
+ Pp 

Vop (5V) 
—+ PROG EXTERNAL 


CONTROL 
OUTPUT 


2 
1/0 PORT 2 
1 


1/0 PORT 2 


1/O PORT 1 


dXXX-8r08 ISN 


DATA BUS 





(OV) Vgg5 


Outline 40P4 





FUNCTION 

The M5L8048-XXXP and M5L8035LP are integrated 8-bit 
CPU, with memory (ROM, RAM) and timer/event counter 
interrupt all contained on a single chip. 


I/O PORT 2 





| 


OSC FREQ 


ne 12 BITS PRESCALER 
oc 
ot 


ma 
<= 
m 
we) 
— 


< 
Mm 
Zz 
4 


——} 


O. 
O 
Cc 
Zz 
4 
m 
DD 


STATUS 
REGISTER 


ROREGISTER 9 
1REGISTER } 
2REGISTER 2] 0 


<7 


| 


R4 REGISTER 4 
RS REGISTERS 


BANK 


om 


2} D 2D} | BD 

ND Ww 

| 2D 
H|alalale is 
a) 

(op) Tee) yn 

ale 4 

mim m 

DD we) 

SED wW 


STACK 


INSTR 
DEC 


Di D 
Oo 
we) 
mM 
Q@ 
ioe) 
4 
mM 
Be) 
° 


1REGISTER1 
2REGISTER2 
3REGISTER 3} — 
R4REGISTER4 


ADDRESS DECODE 


FLAG O 
FLAG 1 
TIMER FLAG 
CARRY 

ACC 


ACC BIT TEST 


LOGIC 


CONDITIONAL 
BRANCH 
BANK 


Baa] wv) a] D 
NID) ON 
| | 
mymim 
DOQQ 
DAA 
{54 
mimymM 
Dl-p|D 
sl Oo 





a) 
> 
< 
D 
aS 
w 
< 
+ 
mM 
n 





To Ty INTRESETPROGEA X1 X2 ALE PSEN SS RD WR 
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ABSOLUTE MAXIMUM RATINGS 














Conditions Limits 


0,57 


Symbol Parameter 


































With respect to Vss 





Input voltage 

Output voitage 

Power dissipation 

Operating free-air temperature range 
Storage temperature range 
















Ta=25C 








Parameter 





Supply voltage 








Supply voltage 








Supply voltage 





High-level input voltage, except X1, X2 and RESET 








High-level input voltage, except X1, X2 and RESET 








Low-level input voltage 


ELECTRICAL CHARACTERISTICS (Ta=—20~75°c, Voc= Vop=5V + 10%, Vss=OV, unless otherwise noted ) 


Symbol Parameter Test conditions Unit 








Low-level output voltage, BUS, RD, WR, PSEN, ALE foL=2mA 


Low-level output voltage, except the above and PROG lop=1.6mMA 
Low-level output voltage, PROG loL= 1mA 


Vout High-level output voltage, BUS, RD, WR, PSEN, ALE loH= — 100 uA 




















Von2 High-level output voltage, except the above 


ia Input leak current, T1, INT VssS Vin=Vcc 


loz Output leak current, BUS, TO high-impedance state Vsst0.45SVINSVcc 

















hoi Input current during low-level input, port Vi_=0.8V 
lhie Input current during low-level input, RESET, SS 


lop Supply current from Vpp 
Ippo tlec Supply current from Vopp and Vcc 


: 


























Alternative 
symbol 























Data setup time after RD 











Data setup time after address 

















Note 1 The input voltage level of the input voltage is Vj_=0 45V and Viy=2 4V 
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DESCRIPTION 

The M5L8049-XXXP, P-6 and M5L8039P-11, P-6 are 8- 
bit parallel microcomputers fabricated on a single chip 
using high-speed N-channel silicon gate ED-MOS tech- 
nology. 


FEATURES 
@ Single 5V power supply 
@ Instruction cycle 






11MHz 8MHz 

1. 368(min) 1. 875s(min 

@ Basic machine instructions ...........00 0005 96 
1-byte instructions: 68 
2-byte instructions: 28 

@ Direct addressing pneoe ata) du doves 2 up to 4096 bytes 

@ Internal RAM «1... . cc ee ens 128 bytes 

@ Built-in timer/event counter .............. 8 bits 

@ 1/OPorts........ ee ere se ene eer 27 lines 

@ Easily expandable Memory and I/O: 

@® Subroutine nesting ......... 00. c eee eee 8 levels 

@ External and timer/event counter interrupt . 1 level each 

©. External RAM: «6<45iw i. he eee eee aes 256 bytes 

@ M5L8049-XXXP/M5L8039P-11, P-6 are interchangeable 


with i 8049/i 8039, i 8039-6 in pin configuration and electric- 
al characteristics. 


BLOCK DIAGRAM jar, aus 


-~—— HAD ODOM NY 
| itt 


| 
BUS BUFFER 


(5V) Vop (26) 
(5V) Veco 40) 
(OV) Vss (20) 


WR 


1/0 PORT 1 


ap 


CDZEKIED 3NEIEI) 
pEEEET 


PORT 1 
BUS BUFFER 


BUS LATCH 
PC TEMP, REGISTER 
(LOW-ORDER 8 BITS) 


pas] 
Se 
oS 
oO 
_! 


Oo 
i 
LW 
= 
cL 
= 
a 
<x 


CONTROL CIRCUIT ‘eam 


\ 
\ 


To Ti INTRESETPROGEA X1 X2 ALE PSEN SS R 


Thiitie 
PORT 2 
BUS BUFFER |PROGRAM| ’ 


PORT 2 LATCH 
EXTENDED 1/O 


MITSUBISHI MICROCOMPUTERS 


MSL8049-XXXP,P-6 
MSL8039P-11,P-6 


SINGLE-CHIP 8-BIT MICROCOMPUTER 





PIN CONFIGURATION (TOP VIEW) 


TEST PIN 0 Ty 
CLOCK INPUT 1 X, > 
CLOCK INPUT 2 X,—> 

RESET INPUT RESET > 


SINGLE-STEP INPUT SS + 
INTERRUPT 
REQUEST INPUT !NT - LJ 
EXTERNAL ACCESS EA — 


READ RD <~ [8] 

PROGRAM pacn 
STORE ENABLE PSEN eae 
WRITE WR < [10] 

ADDRESS LATCH —Ti 
ENABLE ALE = Ly 


Voc (5V) 
+ T, TEST PIN 1 
+> P2, 
+> P2, 
+> P2; 
+> P2, 
+ P1, 
+P, 
+ Pl, 
—P1, 
+> P13 
+ Pi. 
+> P41, 
+ Ply 
Vop (5V) 

+ PROG EXTERNAL 
> P2, CONTROL 
«> P2, OUTPUT 

+ P2, 
++ P2, 


I/O PORT 2 


1/O PORT 1 


dXXX-6v08 1SW 


DATA BUS 


1/0 PORT 2 





Outline 40P4 





APPLICATION 
@ Control processor or CPU for a wide variety of appli- 
cations 


/O PORT 2 


OSC FREQ | 


SELECT {111_ 9 


12 BITS 
MEMORY 
[~BANK" 
SELECTOR 

(MB ) 


PRESCALER 


INSTRUCTION STACK 
REGISTER |REGISTER 


RIREGISTER! 
R3REGISTER3 


STACK 
OREGISTERO 
RiIREGISTER?! 


°o 
< 


we) 


DECODER 


Di D 


FLAG O 
FLAG 1 
TIMER FLAG 
CARRY 

ACC 


ACC BIT TEST 


CONDITIONAL 
BRANCH 
LOGIC 
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MITSUBISHI MICROCOMPUTERS 


| MSL8049-XXXP,P-6 
a MSL8039P-11,P-6 


SINGLE-CHIP 8-BIT MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 





Supply voltage 





Supply voltage 





With respect to Vss 
Input vol tage 





Output vol tage 








Power dissipation 











M5L8049-XXXP-6 
M5L8039P-6 
M5L8049-XXXP 
M5L8039-11 


Operating free-air temperature range 


Tstg Storage temperature range 


RECOMMENDED OPE RATING CONDITIONS ( Tag=—20~75C , unless otherwise noted ) 








Parameter 





Supply voltage 





Supply voltage 
Supply voltage 








High-level input voltage, except for X;, X2, RESET 





i 




















Vout Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 





Vote Low-level output voltage, except for the above and PROG loL=1.6mA 










VoL3 Low-level output voltage PROG loc =1mA 
Vout High-level output voltage, BUS, RD, WR, PSEN, ALE loH= — 100A 
VouHe2 High-level output voltage, except for the above lon = — 500A 





























; Input leak current, T1, INT Vss$VinSVcc 


lLi2 
Mise =! Supply current from Vpp Ta=25C 








Output leak current, BUS, TO, high-impedance state Vss+0.45S VinSVcc 








Input current during low-level input, port 


Input current during low-level input, RESET, SS 




























TIMING REQUIREM ENTS (Ta=—20~75T ,Voc= Vop=5V + 10%. Vss=OV, unless otherwise noted) 


Limits 





Alternative MSL 8049-X X XP ‘| M5L8049-X XXP-8 M5L8049-X X XP-6 


symbol MS5L8039P- 11 (Note 2) M5L8039P-8 M5L8039P-6 


Parameter 











Cycle time 








th (PSEN-D) Data hold time after PSEN 





Data hold time after RD 











tsu (PSEN-D) Data setup time after PSEN 





Data setup time after RD 

















Tsu (a-p) Data setup time after address 


tsu (PROG-D) Data setup time after PROG tpr 
oe an has 
th (PROG-D) Data hold time before PROG t pr 


Note 1: ve input voltage are V,,=0. 45V and Vin=2, 4V. 
2% =0~70C 
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MSMS80S0H-XXXP/MSMS8040HP 


SINGLE-CHIP 8-BIT MICROCOMPUTER 





DESCRIPTION 
The M5M8050H-XXXP/M5M8040HP is an 8-bit parallel mic- PIN CONFIGURATION (TOP VIEW) 


rocomputer fabricated on a single chip using N-channel sili- 
con gate ED-MOS technology. 





TEST PINO Ty + Voc (5V) 
M5M8050H-XXXP Internal ROM Type (4K Bytes) CLOCK INPUT 1 X, > —T, TEST PIN 1 
M5M8040HP External ROM Type CLOCK INPUT 2 X, —> +> P2, 
RESET INPUT RESET — +> P2, 
SINGLE-STEP INPUT SS — exipo, | 1° PORTS 
FEATURES : INTERRUPT 77 _, * 
® Single 5V REQUEST INPUT P24 
Single 5V power supply EXTERNAL ACCESS EA — > PI, 
@ Instruction cycle ........ 0c cee eee 1. 36s (min) READ RD =~ = + Pi, 
ee occas PROGRAM sau 
@ Basic machine instructions ..96 (1-byte instructions: 68) STORE ENABLE PSEN + < +> PI; 
@ 4K-bytes memory addressing possible WRITE WR + bo > Pt, 
anes Wane eae ADDRESS LATCH ay ¢ 4 Oo 1/0 PORT 1 
(direct addressing possible in 2K bytes memory) ENABLE ALE I soP ls 
® Memory capacity: ROM............... 4K bytes x > Pte 
RAM tic eke ere cwaat 256 bytes Se ou 
@ Built-in timer/event counter .............2008. 8 bits 4 i i or 
1/0 DONS fen ehot tard igeeeeaeemesdede 27 lines DATA BUS = a nt 
@ Easily expandable Memory and !/O +> P2, Sate 
@ Subroutine nesting 2.2... . cee eee ee eee 8 levels «+ pg, | OUTPUT 
@ External and timer/event counter interrupt, 1 level each «+ p2, { 1/0 PORT 2 
@ Low power standby mode +> P2, 
APPLICATION Outline 40P4 


Control processor or CPU for a wide variety of applications 





FUNCTION 


The M5M8050H-XXXP/M5M8040HP is an 8-bit CPU, with 
memory (ROM, RAM) and timer/event counter interrupt all 
contained a single chip. 


BLOCK DIAGRAM at Bus VO PORT P1 /O PORT P2 


; PODOQOQGOGOSG-OBOQDHLGOALQBOOOAB- - 
| EEE at Ee 


PORT 1 PORT 2 mada 
BUS BUFFER BUS BUFFER Jj |pRoGRAM 


BUS BUFFER 


‘a| ip ie PRESCALER | 
BUS LATCH PC PORT 1 x 
TEMP REGISTER PORT 2 LATCH}OL STATUS TIMER/ 
(LOW-ORDER 8 BITS} EXTENDED I/O|ra@ S REGISTER EVENT 
Ie } | Og (MB) COUNTER 7, 


R4 REGISTER 
5 REGISTER 
6 REGISTER 
7 REGISTER 


STACK 


NO] — 


TEMPORARY}—z 

ACCUMULATOR REGISTER = 2, 
el, ACCUMULATOR 

(SV) Von POWER LATCH ADDRESS 


SUPPLY CONTROL 
(5V) Veco @ FOR RAM CIRCUIT 
(0V) Vss @ ADDRESS 


CONTROL 
CIRCUIT 


alo 
BANK 0 


Dv 


ARITHMETIC 
LOGICAL 
UNIT 
oi 


Be) 
aD 


DECODER 
D 
~ 


vl nial 
WIN}|SlO 
D}D)D)D 
mim)~ mim 
Q}Q1Q1O 
NIN NW 
od eed oe 
mimMymMmymM 
| D] wD} 
WIN} fo 


is 
BANK 1 


FLAG 0 
FLAG } R4 REGISTER 
TIMER FLAG R5 REGISTER 
CARRY 

ACC 


[a amcor 

E O o) 5 = s ACC BIT TEST 
] SURSETUGES RAM (256 BYTES) 
O---—-O)) O21) (9) (5) (8) (00) gre ikon ee eg oe ee 


To 1, INTAESETPROGEA xX} X2 ALE PSEN SS RO WR 


= 
oO 
O 
— 


oul 


po) 
<6 
55 
Os 
Fg 
lana 
2m 
© 

O 
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MITSUBISHI MICROCOMPUTERS 


| | MSMS80SOH- XX XP/MSMS8040HP 


SINGLE-CHIP. 8-BIT MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 








Unit 












Voc Supply voltage sa Och 7 


With respect to Vss 






Tose Oneauntecoranieauewe Si 









— 65 ~ 150 


RECOMMENDED OPERATING CONDITIONS (1Ta=0~ 70°, unless otherwise noted) 





Symbol Parameter 





Vcc Supply voltage 
{ 





V Db Supply voltage 


Vss [ Supply voltage 











Vin High-level input voltage, except X 1, X 2 and RE SE T 





+ 


Vine High-level input voltage, X1, X 2 and RESET 





Vint Low-level input voltage, except X 1, X2 and RESET 








Vit2 Low-level input voltage, X 1, X2 and RESET 








Limits 


Supply voltage =O. 5-7 V 
\ =—O.57 V 


V 











Parameter Test conditions 





4 
Low-level output voltage (BUS ) lo. =2mA 
= 


. Typ qT Max 
t- 


0.45 








Low-level output voltage (RD, WR, PSEN, ALE) ps OL =1.8mA 


0.45 





Low-level output voltage (PROG) lo. =1mA 
. + 


0.45 








Low-level output voltage (for other outputs) lo. =1.6mMA 


0.45 
4 








High-level output voltage (BUS ) lou = —400uA 











High-level output voltage (RD, WR, PSEN, ALE) !oH = — 100uA 








High-level output voltage (for dther outputs) | lon = —40nA 





Input leak current (T;, INT ) VssSVINSVcc 


—+— 





Output leak current (BUS, To ) high-impedance state Vsst0.45SViy SVcc 
eae eee nee ere 





Input leak current (PORT ) Vss+0.45SVinSVcc 


’ 


input leak current (RESET,SS) Vsst0.45SViINSVcc 


——— 


l!pb Supply current from Vpp 








sla 
! pp +!lcc | Supply current from Vpp and Vec 
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MITSUBISHI MICROCOMPUTERS 


MSMS80OSOH- XXXP/MSM8040HP 


\ 


SINGLE-CHIP 8-BIT MICROCOMPUTER 





TIMING DIAGRAM 
Read from External Data Memory 


tq(ALE-R) 












ALE 
td 
twor) © (R-ALE) 
—— 
RD 
BUS 


tsu1(a-D) 


Instruction Fetch from External Program Memory 


tc 





ALE 


SEN) td( PSEN-ALE) 


td(aLe-P 











BUS 








Write to External Data Memory 


td (ALE-w) 


ALE 


BUS 





Port 2 


td(pRoG-ALE) 


ALE ( 

tv(ALE-Q) td(g-PROG) 
EXTENDED 

P29~P23 PORT td(Q- ALE) K— td(ALE-Q) 


DURING XBGn __ P20-2 K FORT X_ OUTPUT) 


OUTPUT 
DATA CONTROL DATA 
Usu(PROG-D)_ 


tv(PROG-Q) 


P29- P23 EXTENDED PORT P29 ~3 


oa een UA 
ounine — X__Pow x baa X PORK XT) 


INPUT 










td(po-PROG) ee yea 
. tv(PROG-PC) 
tsu2(a-pD) PROG | twcproce) 
MITSUBISHI 





ELECTRIC 


ve—-Z 


JWeLIATS 
IHSIGNSLIN 


BLOCK DIAGRAM 


Cem 
) ; e C) C) C) () () 
61-696) 4) -29)--7)-2) -O-0)-9) -©)-) a Sp es 


STBY To 


Ty 


DATA BUS 


—_—_ - DAOOOADO- ABODE 
Piette? (Lette: 


BUS BUFFER BUS BUFFER 


bf 


BUS LATCH PC 
- TEMP REGISTER 
(LOW-ORDER 8 BITS) 


<< 


ACCUMULATOR 


eb ACCUMULATOR ==> 
LATCH 


INT RESETPROGEA X) 


I/O PORT P1 


PORT 1 





PORT 1 
LATCH 





TEMPORARY 
REGISTER ap 


ARITHMETIC 
LOGICAL 


X2 ALE PSEN SS RD WR 














(/(O PORT P2 
(2'N22) 23N24N85)36 a ea 
nae . 
PORT 2 OSC FREQ 
BUS BUFFER 







UNIT 




















le] 17 PROGRAM 
Q 
PORT 2 LATCH |S MEMORY STATUS TIME R/ 
EXTENDED 1/0 |r & REGISTER | | counter 
aa ll | 
= Jel 


INSTRUCTION | REGISTER 
REGISTER | 


se 


RO REGISTER 0 
R1 REGISTER 1 
R2 REGISTER 2 lo 
R3 REGISTER 3 = 
R4 REGISTER 4 |< 
R5 REGISTER 5 
R6 REGISTER 6 
R7 REGISTER 7 


STACK 
RO REGISTER 0 


SELECTOR 
(RB) 







INSTRUCTION 
DECODER 










ADDRESS 
CONTROL 
CIRCUIT 
ADDRESS 


CONTROL 
CIRCUIT 








ADDRESS DECODER 


To R1 REGISTER 1 
—! ik R2 REGISTER 2 
2 uh . 
= FLAG 1 | R4 REGISTER 4 | Zz 
Of TIMER FLAG R5 REGISTER 5 Jo 
g° ACC 
2 

ACC BIT TEST 4 2 


PRESCALER 


T1 


YUSLNMWODJOUDIW SOW) LIE-S dIHO-ATONIS 


dH6EI0SWSW/dXXX-H6VIOSWNSW 
dV6ED08WSW/dXXX-V6PO0SWSIN 
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MITSUBISHI MICROCOMPUTERS 


MSM80C49A-XXXP/MSMS80C39AP 
MSMS80C49H-XXXP/MSM80C39HP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS | 


Supply voltage Vss—0. 3~ 7 
Input voltage Vss—0. 3~Vec +0. 3 









Topr | Operaing ee-airiomperatwerange——=~SC~=‘dSS*~‘“‘“‘O“NOSNW”#C*é“‘“‘“(NNNON=ONSSC“‘dSC“ 
ety [Storage temperature ange |---| 150. [| 







RECOMMENDED OPERATING CONDITIONS (1a=—20~75°, unless otherwise noted) 


Limits 
. M5M80C49A-XXXP M5M80C49H-XXXP 
Parameter 
M5M80C39AP M5M80C39HP 


Supply voltage 


Supply voltage 





































































: Limits 


M5M80C49A-XXXP M5M80C49H-XXXP 
Symbol Parameter Unit 
M5M80C39AP M5M80C39HP 


Min] ~ 
[Vor | towiovel ouputvotage ——SSSCS*~*~id mA SSC“‘“rS*C*‘“(SS*S*C*P as] a 
zs a 






Test conditions 







Voss | Rihlovel euputvotago, oop! PoP PAPA me —atOaa[0TBVea| LO 

High-level output voltage, P1p~P17, P2>~P2; (Note 1) 075Vec} | | 24 |] | 

loz | Out euront, 6U8. Ty nh mpedance sats [VasgVwsvee [1 [Pt tr 
Cis [at eurent dung tw evel Pot [Wusven | a0 too | | ae | eet 
Pix [ernie ESET fart 1 =100 [ah 
5 [10 

[loca | SinoW cant canig RACY tte) as Ls 
(ioe if 10 
rie ARN SARIN IO a SOE eet 


Note 1° loy=—5uA (M5M80C49A-XXXP, M5M80C39AP) 
lon=—404A (M5M80C49H-XXXP, MSM80C49HP) 
ae BUS, To, T1, EA, INT=Voc or Vss 
SS, RESET, STBY=Vec 
ae BUS, To, T;, EA, INT=Voc or Vss 
RESET, STBY=Vss 
SS=Voc 
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MS5M80C49A-XXXP/MSMS80C39AP 
MSM80C49H-XXXP/MSM80C39HP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


/ 
/ 





TIMING DIAGRAM 


Read from Exteral Data Memory Write to External Data Memory 
td(ace-r) 4 td(ALe-w) 








ALE 













RD WR 
tv(w-a) 
BUS BUS « 
tsut(a-p) teas 
Instruction Fetch from External Program Port 2 (Expanded port) 
Memory te 
td(PROG-ALE) 
ALE ALE b 
td(ALe-PSEN) td(PsEN-ALE) tv(ALe-q) 
Back ania tw(PsEN) P2o~P2, td(a-ate) Pax cy tv(pRoG-a) 
oe | DURING Fe, Xa KT 
DATA CONTROL 
; tsu(prRoG‘D) 







tv(ALe-a) 
td(a-ALe) —lt— 
CID \ 


Ss 
NN 


t 
i PSEN) P2>~P2. P24 pameete i th(pRoG-p) 
i CT Ce (i GD 5 


a tsu(PSEN-D) td(pc-prRoG) CONTROL DATA 






BUS 










tv(pRoG-PC) 















t 3 
SU2(A-D) PROG tw(prRoGL) 
Port 1, Port 2 
ALE 
tviace-a) td(a-aLe) tv( ALE-aQ) 
7 _ 
Pao~P2, sed ZED GIT S Gt 
a P1>~P1;, P2,~P2, DATA : NEW DATA 
\ 
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- HALT instruction aaa eS 
[si_se_ss_ sa 55] S2 S3 S4 S5§S1 S2 S3. S4 S54§S1 S2 S3 S4 S5}IS1 S2 S3 S4 S5IS1 S2 S3 S4 S85 


, -~ WLI LLL LLL, SLL LLL 


Alice ee Ne ee 


i 


PSEN uy eee, re Ney 
\ 

Ea)» SH )-S$H=)- FH) 

INT J a en: aaa 


Fig.2 HALT instruction timming chart (Interrupt disable) 





nie instruction aaa aM sa aa Calling interrupt survice routine 
S3. S4 S5ISi S2 $3. S4 S51S1 S2 S3 S4 S5IiS1 S2 S3 S4 S5]{S1 S2 S3 S4_ S§ 


, ~WI LILI LIU UL LL, LLnL ALA 


PSEN —/ ee ee Ne ee ee 
3 


Fig.3 HALT instruction timming chert (Interrupt enable) 
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MITSUBISHI MICROCOMPUTERS 


MSMS80C49A-XXXP/MSM80C39AP 
MSMS80C49H-XXXP/MSMS80C39HP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





RESET 








+ 
1 uF 
M5M80C49A-XXXP 7 
M5M80C49H-XXXP 
STBY \ / 

RESET 

Internal reset 

STBY 

Internal Standby eee S”*~*~S~S*«wS ee ee 


Fig.6 Control circuit example for standby mode 








Fig.7 Conditions of measurement Icc (at standby mode) 
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BLOCK DIAGRAM 


DATA BUS I/O PORT P1 1/0 PORT P2 


a auaaeaaaaaaaaaal ai PPPrry SS em ener eee ag 
t 














PORT 1 PORT 2 OSC FREQ 


BUS BUFFER BUS BUFFER BUS BUFFER 
‘el : fel PRESCALER 
STATUS TTY, 
EVENT 
REGISTER COUNTER Ty 


BUS LATCH PC PORT 1 
TEMP REGISTER 8 LATCH 
(LOW-ORDER 8 BITS) | 7 


RO REGISTER 0 
[RI REGISTER 1 | 
TEMPORARY 
ACCUMULATOR Sroien y 
eb ACCUMULATOR 
LATCH 
(SV) Veo —> 


eS 
ADDRESS 
(OV)Vss 20 CONTROL 
CIRCUIT 
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R3 REGISTER 3 
t 
| 














PROGRAM 
MEMORY 


< 
DER 












PORT 2 LATCH |5 w 
EXTENDED 1/0 Jz 5 
Os 
a. 
INSTRUCTION [REGISTER 
REGISTER || 











SELECTOR 
(RB) 






UNIT 











LOGICAL 


INSTRUCTION 
DECODER 







ARITHMETIC 


\ 

i 

| R5 REGISTER 5 | REGISTER 5 
| R6 REGISTER 6 | REGISTER 6 
| 

1 
| 


CIRCUIT 





R7 REGISTER 7 


STACK 


| RO REGISTER 0 | REGISTER 0 

| Rt REGISTER 1_| 

5 

Zz 

a 

CONTROL CIRCUIT aes) ACC 
ACC BIT TEST pan REGISTER 7 


RAM(128 BYTES) 
C6 i] O)6)}—-O-O-ODW-OY-~9Y-®) a pg 


STBY Ty 1, INT RESETPROGEA X: Xz ALE PSEN SS RD WR 






x 
z= 
R4 REGISTER 4 Bs 
INT 


ADDRESS DECODER 


FLAG 0 
FLAG 1 
TIMER FLAG 
CARRY 


LOGIC 





CONDITIONAL 
BRANCH 
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MSMC49-XXXFP/MS5MC49H-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 


[Veo | Suppiy votage Ves=0.3~7 
Lv Input voltage Vss—0. 3~Vec +0. 3 
[Vo [ouput vonage Vee0.3~Voo+0. 3 


Voc 
Vi 
Vo 
See ee 
See eminem ee ee 
SR ee SET 






<|< 





ro) 
Ww 
one 





oO 


RECOMMENDED OPERATING CONDITIONS (Ta=—20~75°, unless otherwise noted) 






Limits 













ed 
Parameter MS5MC49A-XXXFP M5MC49H-XXXFP 





4.5 









Supply voltage 























Vss Supply voltage 
High-level input voltage, except EA, RESET, X;, X2 0. 7Voc 
High-level input voltage, EA, RESET, X1, Xp 0. 8Vcc 





Low-level input voltage, except EA, RESET, X, Xe 


Low-level input voitage, EA, RESET, X;, Xe 














i 
paves 





0.2Vcc 

















Limits 
win [tye | Max | Min | Typ | Max 

[Vor | Lowlevelouiputvotage ——SS~*~=“‘~*é‘dmASS*C*=“‘(gRTS#CO#*dSSOC*#*dS«CUt S| S| SCY | 
| Vous | High-level output voltage, except Pis~Pir, P2y~P2| lov=—A0OuA _-|O.7Veo| | «| 24 | (| —s«|_~v_ 
[Voue | High-level output voltage, Pto~Ptr, Pao~P2r | (Notet) _——*(0.75Vcc] (| «dt a | v 
Th [input current, T. INT, SS,EASTBY | VessVnsVeo | ~—1 | | 1i —1| uh 
loz | Output current, BUS, To,high impedance stato | VessVnsVec | —1 | | | —1 | uh 
=49_| =100 =200 | 500 | WA 
hg | Input current during ow level, RESET, SS | Vu=Vos 40_| —100 4o_| —100 | HA 
5 | 10 5/10 | mA 
25 | 5 25| 5 | mA 





§ 
| 


























Supply current during STAND BY (Note 3) ae ee 10 alls 1 10 | uA 
Stand by power supply voltage aes ae v 


Note 1° loy=—5uA (M5MC49A-XXXFP) 
lon=—40A (MSMC49H-XXXFP) 
2.5 BUS, To, Ta; EA, INT=Veoo or Vss 
SS, RESET, STBY=Vec 
3: BUS, To, T;, EA, INT=Veo or Vss 
RESET, STBY=Vss 
SS=Vec | 
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TIMING DIAGRAM 


Read from Exteral Data Memory Write to External Data Memory 


td(Ave-r) td(aLe-w) 


ALE ALE 


BUS 






x 
~ 





tsu1(a-p) 


Instruction Fetch from External Program Memory "Port 2 (Expanded port) 


tc 
td(pRoG-ALE) 




















ALE ALE ( 
tv(ALE-a) tdia-proa) 
Maerrers P2)>~P2, td(a-ate) sae in tvipRoa-a) 
OUTPUT 
ak DURING TX Pon Ps K Font XS oara [D) 
DATA CONTROL 
; fsu(proe-o) thiproc-p) 
td(a-ace) | P2>~P2, P2o~3 im 
BUS ) DURING | INPUT) 
wire tdipc-prog) | DATA 
t : ) 
$uU2(A-D) PROG 
Port 1, Port 2 
ALE 
tv(ace-a) td(a-ace) tv(ae-a) 
- a 
P29~P23 PCy P2>~P2, DATA. NEWDATA K  PCu 
a po’ P1o~P1,, P2.~P2, DATA : NEW DATA 
4 SN 
MITSUBISHI 
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0S—Zz 


JeLO3aT4 
IHSIGNSLIAW | 


pe ee HALT !nstruction cycle ————_—— a | 
Si S2 S3 S4 S54S1 S2 S3. S4 S5}Si1 S2 S3 S4 S5IS1 S2 S3 S4 S5IS1 S2 $3 S4_ S5 


,-~W WWW LLU LLL, LLL. 


I ee ee ee a 
syn—S VS IO fT 


l a\ rom la rr 
f 
INT _ 6 pe pe ee ee 


Fig.2 HALT instruction timming chart (Interrupt disable) 





“aie instruction Se ene Tener Calling interrupt survice routine | 
S2 S3 S4 S5}S1 s2 S3 $4 S5/S1 S2 S3 S4 S5{IS1t S2 S3 S4 S5}S1 S2 $3 S4_ S5 


, ALI LULL LLL, LLU Ln nn 


PSEN ——/ Go rey \/ \_/ ; 
[rN fN 

22) {=} $$ 5) 6) 3) 
L/ 

INT a ee 





Fig.3 HALT instruction timming chert (Interrupt enable) 


YALNdWODONIIN SOW) LIS-8 dIHD-379NIS 


( 


} 


d AX XX-H6VOINSI/dAXXX-679INSIN 


SYALNAMUWODSOUDIW IHSISNSLIW 


MITSUBISHI MICROCOMPUTERS 


M5MC49-XXXFP/MS5MC49H-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 














MSMC49A-XXXFP 
MSMC49H-XXXFP 


RESET 


Internal reset 


STBY 







Internal standby 








Fig.7 Conditions of measurement Ico (at standby mode) 
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PIN DESCRIPTION 


Vss Ground ax Normally connected to ground (0V) 


Connected to 5V power supply 


Function 








Vo Main power supply 





@Connected to5V power supply 


Power I 
marae s @Used for memory hold when Voc 1s cut. 


Vop 


Control signal from an external source for conditional jumping in a program Jumping is dependent on 
external conditions (JTO/JNTO) 





Test pin0 








@Used for outputting the internal clock signal (ENTO CLK) 





External crystal oscillator or RC circuit input for generating internal clock signals 


























































































































Crystal inputs Input 

ieee y P ae An external clock signal can be input through X; or Xe 

RESET Reset Input Control used to initialize the CPU 

Ss Single step Input Control signal used tn conjunction with ALE to stop the CPU through each instruction, in the single-step 

mode 
HH 
@Control signal from an external source for conditional jumping in a program. Jumping is dependent on 
INT Interrupt Input external conditions (JNI) 
@Used for external interrupt to CPU 
@Normally maintained at 0V 

EA External access Input @When the level is raised to 5V, external memory wil] be accessed even when the address ts less than 

40015 (2048) The M5L8039HLP-14 is raised to 5V 
—— 

i Read control signal used when the CPU requests data from external data memory or external device to 

RD Read control Output be transferred to the data bus 
(MOVX A, @R,, and INS A, BUS) 

PSEN Program store enable Output Strobe signal to fetch external program memory 

ss 
Write control signal used when the CPU sends data through the data bus to external data memory or ex- 
WR Write control Output ternal device. 
(MOVX @R,, A and OUTL BUS, A) 

ALE Address latch enable Output A signal used for latching the address on the data bus. An ALE signal occurs once during each cycle 
Provides true bidirectional bus transfer of instructions and data between the CPU and external mem- 
ory Synchronizing is done with signals RD/WR The output data !s latched. 

-— 
@When using external program memory, the output of the low-order 8 bits of the program counter are 

Do~D, Oxa bus input/output synchronized with ALE After that, the transfer of the instruction code or data from the external program 
memory is synchronized with PSEN 
©The output of addresses for data using the external data memory ts synchronized with ALE After that, 
the transfer of data with the external data memory ts synchronized with RD/WR 
(MOVX A, @Rr, and MOVX @R,, A) . 

@Quasi-bidirectional port When used as an input port, FF,¢ must first be output to this port After reset, 
Input/output 
when not used as an output port, nothing needs to be output 
~ Port 2 
Preorder Output @P2 9~P23 output high-order 4 bits of the program counter when using external program memory 
Input/output | @P29~P23 serve as a 4-bit [/O expander bus for the M5L8243P 


Program 








Output 





Input/output 
= 


Strobe signal for M5L8243P I/O expander 











Quasi-bidirectional port When used as an input port, FF;._ must first be output to this port After reset, 
when not used as an output port, nothing needs to be output 


+ 








Test pin 1 











Control signal from an external source for conditional jumping in a program. Jumping is dependent on 
external conditions (JT1/JNT1) 
@When enabled, event signals are transferred to the timer/event counter (STRT CNT) 
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TIMING REQUIREMENTS (Ta =0~70C. Veco = Von = 5V£10%, Vss = OV, unless otherwise noted) 


ree Relationship to Alternative 
mbo 
y cycle time (tg) symbol Min Typ 


[as 1/fyrat t 71.4 1000 ns 










Parameter 



















Clock cycle 



























Cycle time 15t toy 1.07 15 LS 
Data hold time after PSEN 1.5t — 30 tor 0 80 ns 
Data hold time after RD 1:5t=30 tor 0 80 ns 








Data setup time after address 















tsut (a-D) 10. 5t — 220 tes 


(external data memory read cycle) 














Data setup time after address 








FeOt— 220 


Data setup time after PROG 
Data hold time after PROG 


Note 1 : The input voltage level is Vi. = 0. 45V and Viy = 2. 4V 
2: fxrat is the oscillator frequency entered at the crystal input terminals (X,, X2) 


(external program memory read cycle) 













Data setup time after PSEN 4.5t— 170 trn2 160 


8. 5t — 120 














SWITCHING CHARACTERISTICS (Ta = 0~70°, Veco = Von = 5V+10%, Vsg = OV, unless otherwise noted) 


Relationship to Alternative 
Symbol Parameter 
cycle time (tc) symbol 


td (A-ALE) Address to ALE signal delay time 
Address valid time after ALE t— 40 




















PSEN pulse width 6t — 200 
RD pulse width 7. 5t — 200 




















WR pulse width ‘| 7. 5t — 200 

Data to WR signal delay time 6. 5t — 200 

Data valid time after WR 

Address to WR signal delay time 

Address disable to RD signal delay time 

Address disable to WR signal delay time 

Address disable to PSEN signal delay time 

ALE to RD signal delay time tlarci 
td (ALE-w) ALE to WR signal delay time tLlarci 
d (ALE-PSEN)| ALE to PSEN signal delay time tLarce 

RD to ALE signal delay time toa 

WR to ALE signal delay time tocar 10 

PROG to ALE signal delay time toni 10 

PSEN to ALE signal delay time ieee 210 

i.st= 20 = 


Delay time after ALE 4, 5t + 100 
To pulse spacing 


Note 3 : Conditions of measurement control output C_ = 80pF data bus output, port output C, = 150pF 
4 : Reference levels for input/output voltages are low-level = 0. 8V high-level = 2V 
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TYPICAL CHARACTERISTICS 


DATA BUS HIGH-LEVEL DATA BUS LOW-LEVEL 
OUTPUT VOLTAGE VS. HIGH-LEVEL OUTPUT VOLTAGE VS. LOW-LEVEL 
OUTPUT CURRENT : OUTPUT CURRENT 


HIGH-LEVEL OUTPUT VOLTAGE Vo,(V) 
LOW-LEVEL OUTPUT VOLTAGE Vo.(V) 





HIGH-LEVEL OUTPUT CURRENT = Ioxy(mA) LOW-LEVEL OUTPUT CURRENT Io, (mA) 
P;, Pp LOW-LEVEL INPUT RESET LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL VOLTAGE VS. LOW-LEVEL 
INPUT CURRENT INPUT CURRENT 


LOW-LEVEL INPUT VOLTAGE V,(V) 
LOW-LEVEL INPUT VOLTAGE  V,(V) 





—0.1 —0.15 —0.2 0.25 ~—0.3 0.35 0 0.02 —0.04 —0.06 —0.08 —0,1 
LOW-LEVEL INPUT CURRENT 1,(mA) LOW-LEVEL INPUT CURRENT 1,(mA) 
NORMARIZED SUPPLY CURRENT (loc) NORMARIZED SUPPLY CURRENT (Ipp) 


VS. AMBIENT TEMPERATURE | VS. AMBIENT TEMPERATURE 


(lop) 


NORMARIZED SUPPLY CURRENT (Icc) 
NORMARIZED SUPPLY CURRENT 





AMBIENT TEMPERATURE Ta(C) AMBIENT TEMPERATURE Ta(C) 
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BASIC FUNCTION BLOCKS 


Program Memory (ROM) 

The M5L8041A-XXXP contains a 1024-byte ROM while the 
M5L8042-XXXP has a built-in 2048-byte ROM. The program 
for the user application ts stored in this ROM. Addresses 0, 
3 and 7 of the ROM are reserved for special functions. 
Table 1 shows the meaning and functions of these special 
addresses. 


Table 1 Reserved, defined addresses 


and their meanings and functions 





Address Meaning and function 












The first instruction executed after a system reset 






The first instruction executed after an external interrupt Is 
accepted 












The first instruction executed after a timer interrupt, 






based on the timer/event counter, is accepted. 


Data Memory (RAM) 

The M5L8041A-XXXP has a built-in 64-byte (128 bytes for 
M5L8042-XXXP) RAM. The RAM is used for data storage 
and manipulation and it is divided into sections for more 
efficient processing. Addresses 0~7 and 24~ 31 form two 
banks of general-purpose registers that can be directly 
addressed. Addresses 0~7 compose bank 0 and are num- 
bered Ro~R;. Addresses 24~31 compose bank 1 and are 
also numbered Ro~R;. Only one bank is active at a time. 
The instructions SEL RBO and SEL RBI are used to select 
the working bank. Fig. 1 shows the division of the RAM and 
its mapping. The remaining sections, addresses 32 and 
above, must be accessed indirectly using the general- 
purpose registers Ro or R;. Of course, all addresses can be 
indirectly accessed using the general-purpose registers Ro 
and R,. 


A good practice to simplify programming is to reserve 
general-purpose register bank 0 for use of the main prog- 
ram and register bank 1 for interrupt programs. For exam- 
ple, if register bank 0 (addresses 0~7) is reserved for pro- 
cessing data by the main program, when an interrupt is 
accepted, the first instruction would be to switch the work- 
ing registers from bank 0 to bank 1. This saves the data of 
the main program (addresses 0~7). The interrupt program 
can then freely use register bank 1 (addresses 24 ~ 31) 
without destroying or altering data of the main program. 
When the interrupt processing is complete and control is 
returned to the main program by the RETR instruction, reg- 
ister bank 0 (in this example) is automatically restored as 
the working register bank at the same time the main prog- 
ram counter is restored. 

Addresses 8 ~ 23 comprise an 8-level program counter 
stack. More information on using the stack is found in the 
section on the program counter and stack and so reference 
should be made here for further details. 

The general-purpose registers and program counter stack 
sections may be used in exactly the same way as the other 
RAM sections. 


(Note 3) 63 
User RAM 
32x 8 


General-purpose 
registers/Register bank 1 


General-purpose 
registers/Register bank 0 





Fig.) Data memory (RAM) 


Note 3 : The corresponding address 1s 127 for the M5L8042-xXXXP 
4 : The corresponding capacity is 96 X 8 for the M5L8042-XXXP 
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Program Status Word (PSW) 

The PSW (program status word) is stored in 8 bits in the 
register storage. The configuration is shown in Fig. 4. The 
high-order 4 bits of the PSW are stored in the stack, along 
with the PC, when an interrupt is accepted or a subroutine 
call executed. When control is returned to the main prog- 
ram by RETR, both the PC and the high-order 4 bits of PSW 
are restored. When control is returned by RET, only the PC 
is restored, so care must be taken to ensure that the con- 
tents of the PSW are not unintentionally changed. 

The order and meaning of the 8 PSW bits are given below. 
BitO~Bit2 : Stack pointer (So, S;, So) 


Bit 3 : Not used 
Bit 4 : Working register bank indicator 
0 = Bank 0 
1 = Bank 1 
Bit5 : Flag 0 (value is set by user and can be 
tested with JFO conditional jump instruc- 
tion.) 
Bit 6 : Auxiliary carry bit (AC). It is set/reset by the 


ADD and ADDC instructions and used by the 
DAA decimal compensation instruction. 

Bit 7 : Carry bit (CY). This indicates an overflow af- 
ter an arithmetic or logic operation. 


High-order 4 bits are stored along with PC in stack. 
FO 


jor }ac| Fe }as| 1 |se [s |so | 


CY : Carry 

AC : Auxiliary carry (carry from low-order 4 bits of ALU) 
Fo : Flag0 

BS : Working register bank indicator 

S2 

S1 | suck pointer 

So 


Fig.4 Program status word 





VO Ports: 

The Series MELPS 8-41 has two 8-bit ports, called port 1 

and port 2. 

(1) Port 1 and port 2 
Ports 1 and 2 are both 8-bit ports with identical prop- 
erties. The output data of these ports are retained and 
do not change until another output is loaded into them. 
When used as inputs, the input data is not retained so 
the input signals must be maintained until an input in- 
struction is executed and completed. 
Ports. 1 and 2 are so-called quasi-bidirectional ports 
which have a special circuit configuration to accom- 
plish this purpose. All the pins of the ports can be used 
for input or for output. 





Fig.5 


I/O port 1 and 2 circuit 


The special circuit is shown in Fig. 5. Internal on-chip 
pull-up resistors are provided for all the ports for pull- 
up to 5V. The current required for setting the TTL sig- 
nal high can be supplied through these pull-up resis- 
tors. In addition, the level can be pulled low by the 
standard TTL output. This means that any pin can be 
used for both input and output. 

To shorten the switching time from a low level to high 
level, when 1’s are output, a device with a relatively low 
impedance is turned on for a short time (approx. 500ns 
when a6MHz crystal oscillator is used). 

To use a particular port pin as an input, a logic 
must first be written to that pin. After resetting, a port is 
set to an input port and remains in this state. 

Therefore, it is not necessary to output all 1’s if it is to 
be used for input. In short, a port being used for output 
must output 1’s before it can be used for input. 


| 3 
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F, (flag 1) 
When the data or command is input into the input data/ 
command bus buffer by the master CPU, the F, flag is set 
to the condition of the Ag input. 
The F, flag is also set by the flag setting instructions (CPL 
F,, CLR F,). 
@® Output Data Bus Buffer Register 
The accumulator (A) contents are transferred to the DBB 
(0) output data bus buffer register by the OUT DBB, A in- 
struction. Since the OBF flag is set at this time, the master 
CPU can judge whether the data has been transferred to 
the register by confirming the state of the OBF flag. 
@ input Data/Command Bus Buffer (DBB(1)) Register 
When the write request (W =() is generated from the mas- 
ter CPU, the data on the data bus is transferred to the DBB 
(1) input data/command bus buffer register. Since the IBF 
flag is set at this time, it is possible to judge whether the 
data or command has been transferred inside the Series 
MELPS 8-41 by confirming the state of this flag. 


Conditional Jumps Using Pins To, T; 
and Flags IBF, OBF 

The conditional jump instructions are used to alter prog- 
rams, depending on the internal and external conditions 
(states) of the CPU. Details of the jump instructions can be 
found in the section on machine instructions. 

The input signal status of pins Ty and T,, and the states of 
the IBF and OBF flags can be checked by the conditional 
jump instructions. These input pins, through conditional 
jump instructions such as JTO and JNTO, can be used to 
control a program. This means that programs and proces- 
sing time can be reduced by being able to test data in the 
input pin rather than reading the data into a accumulator 
and then testing it. 

Pin T; has other functions and uses which are not related to 
conditional jump instructions. Details of these other func- 
tions and uses can be found on the section dealing with pin 
functions. 


Interrupt 
The CPU recognizes an external interrupt by a low-level 
signal at the S and W pins. When such an interrupt is 
accepted, the external interrupt pending flip-flop and IBF 
flag are set. 


Interrupt requests are sampled between the SYNC signal, 


outputs of every machine cycle. When a request is recog- 
nized, then as soon as the instruction being executed is 
terminated, a subroutine call is made to address 3 of the 
program memory. As with ordinary subroutine calls, the 
program counter and program status word (PSW) are saved 
in the program counter stack. 


The unconditional jump instructions for enabling a jump to 
be made to the address where the ordinary interrupt pro- 
cessing program is stored are contained in address 3 of the 
program memory. 

The interrupt level is one so that the next interrupt cannot 
be accepted until the current interrupt processing has been 
completed. The RETR instruction terminates the interrupt 
processing. That is to say, the next interrupt cannot be 
accepted until the RETR instruction is executed. The next 
interrupt can be accepted at the start of the second cycle 
of the RETR instruction (2-cycle instruction). Timer/event 
counter overflow which causes an interrupt request will also 
not be accepted. 

Priority is given to the external interrupt when both an ex- 
ternal interrupt and timer interrupt have been generated at 
the same time. 


EN TCNTI 
DIS TCNT| 


TIMER 
OVERFLOW 


RESET @ 
DIS |y_R 





@TIMER INTERRUPT ENABLE FF (TCNTF) 
@TIMER INTERRUPT REQUEST FF (TIRF) 
@EXTERNAL INTERRUPT LATCH 
@EXTERNAL INTERRUPT ENABLE FF (INTF) 
©INTERRUPT ENABLE FF (IEF) 
©INTERRUPT ACKNOWLEDGE FF 
(EXTERNAL INTERRUPT PENDING FF (EIPF) 





Fig.8 Interrupt control section configuration 
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TIMER 
OVERFLOW 


TIMER 


2 5s (when using a6MHz crystal) 
Instruciton cycle 


Instruction 


Instruction execution 





FLAG(TF) 


SET RESET 
STRT T+STOP TH) or RESET ET 
Counter JTF 
incremented 


EDGE DETECTOR 


CONDITIONA 
JUMP 
CONTROL 


Fig.9 Timer/event counter configuration 


Cycle Timing 

The output of the state counter is = the input frequency 
from the oscillator, and a CLK signal is produced which de- 
termines the times of each machine state (see Fig. 10). 
During the cycle count the CLK signal is prescaled by = 
and a machine cycle containing 5 states is produced. The 
Series MELPS 8-41 instructions are executed in one or two 
machine cycles. Fig. 12 shows the internal operation with an 
instruction formed from one machine cycle. 





Fig.11 Clock and generated cycle signals 








Fig.12 Instruction execution timing 


Reset 

The RESET pin is for resetting the CPU. A Schmitt trigger 
circuit along with a pull-up resistor are connected to it on 
the chip. A sufficiently long pulse can be obtained for re- 
setting by attaching 14uF capacitor as shown in Fig. 13. An 
external reset pulse applied at RESET must remain at the 
low level for at least 10ms after the power has been turned 
on and after it has reached its normal level. 

The reset function causes the following initialization within 
the CPU. 

The program counter is reset to 0. 

The stack pointer is reset to 0. 

The register bank 0 is selected. 


) 
) 
3) 
) Ports 1 and 2 are reset to the input mode. 
) 
) 
) 
) 


( 
( 
( 
(4 
(5 
(6 
(7 
(8 


External and timer interrupts are reset to disable state. 
Timer is stopped. 

Timer flag is cleared. 

Flags Fo and F, are cleared. 


SERIES MELPS 
8-4] 


Fig.13 Example of reset circuit 
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P2¢ DRQn 


M5L8257P 


SERIES MELPS 8-4] 
DMA 


Fig.16 DMA control 


When the EN DMA instruction is executed, P2, becomes 
the DRQ (DMA request) output. Subsequently, when P2, is 
set to “1”, DRQ becomes “1” and DMA-based data transfer 
is requested. 

DRQ is cleared when the DACK « R, DACK: W or EN DMA 
instruction is executed. 


> 
B P2,/DRQ 


OUTL P2,A 
ANL P2, #n 
ORL P2, #n 


/\ 
d 
"0 9 & > P2;/DACK 


ANL P2, #n T 


OUTL P2,A 
ORL P2, tn 


Fig.17 Internal configuration of DMA control 


When the EN DMA instruction is executed, P27 becomes 
the DACK (DMA acknowledge) input. The DACK input is 
used as the chip select input for DMA transfer. There is, 
therefore, no connection with the state of S (chip select) 
during DMA transfer. 














\ 


Interrupt Request to Master CPU 

Ports P2, and P2; of Series MELPS 8-41 can be used not 
only as ordinary input/output ports but also as the outputs of 
the IBF (input buffer full) flag and OBF (output buffer full) 
flag. Immediately after resetting, both ports function as in- 
put ports. 


SERIES MELPS 8-41 
OBF 


P2, 


Interrupt request 


to master CPU 
P2, 


Fig.18 Interrupt request to master CPU 


When the EN FLAGS instruction is executed, P2, functions 
as the OBF pin and P2s as the IBF pin. “1” must be output 
to both pins so that the OBF and IBF flag states are output 
to each pin, respectively. These states are not output while 
“0” is output to the pins. The OBF flag output indicates that 
data has been output to the output data bus buffer register; 
the IBF flag output indicates that the input data/command 
bus buffer register is in the data accept enable mode. 


IBF Fiag 





Fig.19 


Internal configuration of IBF/OBF 





S12 
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MACHINE INSTRUCTIONS 


: a’ 3 
Mnemonic £ ro Function 
0 0 1 0 0 0 1 #1 
MOV A, #n N>NgNsn, N,N.N,Ng 2| 2 |(A)+n 


(A) + (Rr) 
=0~7 



























(A) <~ (M (Rr) ) 
r=0O~1 











(PSW) = (A) 
(C) < (Az), (AC) + (Ac) 





(STS) + (A) 
(ST4 ~ ST7) + (Ag ~ Az) 








(Rr) « (A) 
r=O0~/7 














(Rr) +n 


Transfer 

















MOV Rr, #n r=0~7 

n 

A 0 (M (Rr) ) = (A) 
MOV @Rr, A 4 1) 1}/r=o~1 

BO (M(Rr))—n 
MOV @Rr, #n : 2)}2)1r=0~1 








MOVP A, @A 


MOVPS3 A, @A 


2 | (A) — (M(A)) 


2 | (A) (M (page 3, A)) 






































































1, 
(A) + (Rr) 
XCH A, Rr 1 |r=0~7 
(A) «> (M (Rr) ) 
XCH A, @Rr 1 =—O~ | 
(Ao ~ Ag) > (M (Rro ~ Rrs) ) 
‘ | XCHD A, @Rr 1{/1|r=o~1 
0 0 0 0 0 0 1 1 0 3 
ADD A, #n Nn>ngngn, N3NoN4Ng n 2 | 2 |(A)+(A)+n 
0 1 1 0 1 rol,%oq 6 8 (A) «- (A) + (Rr) 
ADD A, Rr 1) 1)r=0~7 
2 Me | roe a ee 
= 01 1 #0 00 0 rg 6 0 (A) + (A) + (M (Rr) ) 
= ADD A, @Rr 1 1 1ir=oOo~1 
000 1 001 1 1 3 
ADDC A, #n~ n>NgNgn, NgNoN,Ng n 2) 2 | (A)+ (A) +n+(C) 
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” ” 

© | 2 

an) Function 
> 

meat) 


(A) = (A) + (Rr) + (C) 
r=O0~/7 









Hexadecimal 


Mnemonic 
D7D,.D;5D, D3D2D;,Do 


og 
ADDC A, Rr 


Oo 11 1 0 0 0 og 7 



















= +00 
Can 






(A) + (A) + (M (Rr) ) + (C) 


r=O~1 





r+0 


ADDC A, @Rr 


(A) — (A) An 











(A) = (A) A (Rr) 
r=O0~/7 


(A) + (A) A (M (Rr) ) 
r=O~1 
































0 

n (A) (A) Vn 
x ——.. 

010 0 1 Pech rt 4 8 (A) « (A) V (Rr) 
ORL A, Rr L : 1 gee, eee 
Koes, 

01 0 0 000 ro 4 (A) — (A) V (M (Rr) ) 

r=0~1 














(A) — (A) n 


0 
ORL A, @Rr t i 
1 1 0 «1 0 01 1 
XRL A, #7 n>Nn gngn, N3sNon,Nng 2 
- oe 
1 











































































































(6) 
3 101 T hela he D 8 (A) < (A) (Rr) 
€ | XRL A, Rr : 1 r=1~7 
A, asa a ee a 
1 1 01 00 0 ro D 0 (A) — (A) (M (Rr) ) 
XRL A, @Rr i: 1 r=O~1 
000 1 01411 1 
INC A 1 7 1 (A) = (A) + 1 
=a 
000 0 011 1 
DEC A 0 Y 1 (A) (A) — 1 
0-o 1 0 01141 
CLR A 2 7 1 | 1 |(A)-0 
aM oi ent 
001 1 011 1 * 
CPL A 3 7 111 |(A)—(A) 
01 0171 01417 1 
DA A 5 7 1 | 1 | (A) (A) Decimal Conversion 
en at a ae 
01 0 0 0711 1 
SWAP A 4 7 1] 1 | (A, ~A,) > (A, ~ As) 
r > if 
1 1°71 °=«0 0111 (An+1) * (An) 
RL A E 7 1 1 | (Ag) —(A7) n=O~6 
A 
b + —— _ 
1 17 ~«7 011 1 (An+1) + (An) 
RLC A F 7 1 | 1 | (Ag) —(C) 
(C)+-(A7) n=O~6 
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Instruction code 













































































































































































































no o 
® 2 
Mnemonic S| 9 Function 
a 
i 
7 7 (An) «— (An+1) 
g 1 | 1 | (Ay) (Ac) n= O0~6 
E 
= 6 7 (An) + (An+1) 
1} 1 | (A) -(C) 
(C) « (Ao) n=0~6 
1 8 (Rr) — (Rr)t+ 1 
© INC Rr r 1} 7 |r=0~7 
E 
c= 000 1 000 ro 1 0 (M(Rr)) <- (M(Rr))-+ 1 | 
S | INC @Rr - 1) 1Jr=o~] 
g 4 
8 1 1 0 0 oe wae a Cc 8 (Rr) + (Rr)— 1 
DEC Rr . 1} 1 |reo~7 
b7rb.eb.1 001 0 1 2 When (Ap)= 1 , (PCo~PC7) — m 
JBb m m>m.em_.m, m,m.m,Mo : 2 | 2 | When (A,)= 0, (PC) — (PC)+ 2 
bzbgb,= O~/7 | 
dese 
bE ob. 2b 1 0 
JNIBF m mzm_emsm, When (IBF)= 0, (PCo— PC?) — m 
1 0 0 0 
m,m_em.em, When (OBF)= 1 , (PCy —PC7) -— m 
000 1 01 1 When (TF)= 1 , (PCo~PC7) <— m 
m>m,m.m, m,m,m, When (TF)= 0 , (PC) — (PC)+ 2 
| 
MipM_gMs 0 0 1 0 (PCg~ PCi9) — Mg~Mi0 
7M—M5mM, M3M2,M,Mo 2 | (PCo~PCz) — mo~mz 
0 1 1 0071 1 (PCo—PC;) « (M(A)) 
JMPP @A 2 
| 
1 #1 #7 #0 1 rol4,lq (Rr)+-(Rr)— 1 r=O~7 
S m,m.emsm, mzm,m,mM, 2 | When (Rr)+# 0, (PCo~PC7) — m 
3 : | When (Rr)= 0, (PC) + (PC)+ 2 | 
oP 7 01 1 +0 F 6 When (C)= 1, (PCo~PC,) —m 
m,memem, m3;mMsm,M,q m 2 | 2 | When (C)= 0, (PC) + (PC)+ 2 
ot a ar eens | a ie 
hed 20 0 1 =#71 =+«0 E 6 When (C)= 0 , (PCo~PC;7) — m 1 
m>memem, mM3M,m,M, m 2 | 2 | When(C)= 1, (PC) + (PC)+ 2 
1 1 0 +0 0 1 1 #0 C 6 ' when (A)= 0, (PCo~PC7) — m 1 
m>;m.em.m, m,zM.m,M, m 2 | 2 | When (A)# 0, (PC) + (PC)+ 2 
17 0 0 1 0 1 1 =#0 9 6 When (A)+# 0, (PCyo~PC7) << m 
JNZ m mM7M—eMseM, mMsmM2,mM,Mpo m 2 | 2 | When (A)= 0, (PC) + (PC)+ 2 
0 O 1 1 . 0 1 1 0 3 6 When (To) = He (PCo~PC7) —-m 
JTO m m>m_em,m, m3zm,m,m, m 2 | 2 | When (To)= 0, (PC) — (PC)+ 2 
+ ap | —| 
001 0 01 1 «0 2 6 When (To)= 0, (PCy ~PCz) — m 
JNTO m m>mom.sm, m3zm,mM,Mo m 2 | 2 } When (To)= 1, (PC) —(PC)+ 2 
“zl 7 cour ea | 
010 1 01 1 =#0 5 6 When (T1)= 1 , (PCo~PC,7) — m 
JT1 m m,>m.m.,m, m3M.M,Mo m 2 | 2 | When (T,)= 0, (PC) + (PC)+ 2 
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® 
Mnemonic £ Function 
4 6 When (T,)= 0, (PCo~PC7) —m 
JNT1 m | m 2 | 2 | When (T,)= 1, (PC) (PC) + 2 





Cycles 





























a When (Fo)= 1 , (PCo~PC7) - m 
E JFO m When (Fo)= 0 , (PC) + (PC) + 2 
When (F,)= 1 , (PCo~PC7) — m 

JF1 m When (F,)= 0 , (PC) «- (PC) + 2 
CLR C ; 

° 

5 

Oo ok, 

; - 

2 (Fo) + (Fo) 

~” 





1 | (F;)—0 









\ 


1 0 71 1 0 1 0 #41 
CPL F, 1 















































(F3) = (F4) 
MiopM—Me 1 0 1 0 0 - 4 ((SP)) — (PC(KPSW,~ PSW7) 
CAE ma~Mio | 2 (SP) — (SP) + 1 
m7M—Ms5M4 mszmM2M,Mo (PCo~PCi9)+— m 
ES 1000 0011 (SP) — (SP) — 1 
8 | RET 8 3 (PC) = ((SP)) 
2 
Qs 
1001 001 1 (SP) — (SP) — 1 
RETR 9 3 1 (PC)\((PSW.4~PSW7) <— ((SP)) 
0 (A) —(Pp) 
1 p= ~ 












(Pp) + (A) 


OUTL Pp, A P=1~2 





(Pp) + (Pp)A nr 








e 
S (Pp) (Pp) n 
p p 


















IN A, DBB 
L 


OUT DBB,A 


(A) -— (DBB) 


















(DBB) + (A) 








) MITSUBISHI . 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 8-41 SLAVE MICROCOMPUTERS 


FUNCTIONS OF SERIES MELPS 8-41 SLAVE MICROCOMPUTERS 


Instruction code | 
Mnemonic Function 
D7,D,.-D;5D, D3D2D,Do9 Hexadecimal 


(Ao~As) + (Ppo~ Pps) 
1 | 2 | (Ag~A7)*+- 0 p=4~7 





Bytes 
Cycles 





MOVD A, Pp 




















(Ppo™ Pps) + (Ao~As) 
P=4~7 








(Ppo™ Pps) *— (Ppo~ Pps) A (Ao™As) 
p=4~7 





I/O Expander Control 


(Ppo~ Pps) + (Ppo~ Pps)V(Ao~ As) 
p=4~7 


(INTF) 1 





00 0 1 0 1 0 1 1 5 (INTF) + 0 
1 


1 
Cc 5 (BS) — 0 
SEL RBO cea 
of (BS) — 1 
1 


F 5 (P24) -— (OBF) 
1 | 1 | (P25) — (IBF) 

















Control 


SEL RB1 








EN FLAGS 













































MOV T, A ea 

© 

. 1 

oO 

5 

<€ | STRT CNT 1 

6 

2 

= | STOP TCNT 1 | 
E 








eee 001 0 0101 25 4, | TONTR) = 1 





(TCNTF) + 0 





DIS TCNTI 


A 
s NOP 


Note 1 : Executing an instruction may produce a carry (overflow or underflow) The carry may be lost or it may be transferred to C or AC The (©) 
mark indicates a carry which affects C or AC The detail affection of carries for instructions ADD, ADDC and DA is as follows 
(C) +1. At overflow of accumulator 
(C) +0. Atno overflow of accumulator 
(AC)+1 At overflow of bit 3 of accumulator 
(AC)+0 At no overflow 
2 : The contents of ST,-ST7 are read when host computer reads status of MELPS 8-41. 




















“ 
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DIS | execution 














A 
Agshe 
Ay~ Az 
Ao~An, An+1 
b 
bzbebs 
BS 

AC 

Cc 

DBB 
Fo 

F, 
INTF 
IBF 

m 























M7zMgMs5M4gM3M2M4Mo 


MioMgMg 
(M(A)) 
(M(Rr)) 
(Mx(Rr)) 


n 





N7NeNsn4ana3nsaniNo 
OBF 


p 
Pp 


P1Po 










RESET input low level 


RETR execution 
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7 


TF (Timer Flag) 0 
TIRF (Timer INT Request FF) + 0 
TCNTF (Timer INT Enable FF) +0 

INTF (External INT Enable FF) + 0 

IEF (INT Enable FF) = 1 

IBF —0 

EIPF (External Interrupt Pending FF) +0 





TF (Timer Flag) + 1 


TCNTF (Timer INT Enable FF) —1 
TCNTF (Timer INT Enable FF) 0 
INTF (External INT Enable FF) = 1 
INTF (External INT Enable FF) —0 
IEF (INT Enable FF) +1 





8-bit register (accumulator) 
Low-order 4 bits of register A 





High-order 4 bits of register A 





Bits of register A 






Value of bits 5-7 of first byte machine code 
Bits 5-7 of first byte machine code 





Register bank select 





Auxiliary carry flag 








Carry flag 

Data bus buffer 
Flag 0 

Flag | 





External interrupt enable flip-flop 





Input buffer full flag 






Destination address 
Second byte (low-order 8 bits) machine code 





corresponding to destination address 
Bits 5-7 of first byte (high-order 3 bits) machine code 
Content of memory location addressed by register A 







Content of memory location addressed by register Rr 





Content of external memory location addressed by 





register Rr 





Value of immediate data 
Immediate data of second byte machine code 
Output buffer full flag 





Port number 





Port designator 
Bits of machine code corresponding to port number 
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Frarslo 
$2S81S0 
SP 
ST4ST7 
STS 


To 
Ti 





TCNTF 


®+# 








Orit es ett 
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Item Details of execution 


’ / , 


JTF execution TF (Timer Flag) + 0 : 


Timer/event Counter 
overflow 


EN TNCTI execution 
DIS TNCTI execution 


EN | execution 


TCNTE (Timer INT Enable FF) = 1 When TIRE (Timer INT Request FF) + 1 


Symbol Contents Symbol Contents 


Program counter 
Low-order 8 bits of program counter 
High-order 3 bits of program counter 
Program status word 

Register designator 

Register number 

Value of bit 0 of machine code 
Value of bits 0-2 of machine code 
Value of bits 0-2 of stack pointer 
Stack pointer 

Bits 4-7 of status register 

System status 

Timer/event counter 


‘Test pin 0 


Test pin | 

Timer/event counter interrupt flip-flop 

Timer flag 

Symbol! to indicate immediate data 

Symbol to indicate content of memory location 
addressed by register 

Shows direction of data flow 

Exchanges contents of data 

Contents of register, memory location or flag 
Logical AND 

Logical OR 

Exclusive OR 

Negation 





Content of flag is set or reset after execution 
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FUNCTION tively through the buffer register between them. The 
The M5L8041A-XXXP is designed ‘as an ordinary 8-bit CPU M5L8041A-XXXP contains the buffer register to use this LSI 
peripheral LSI chip and’ it contains a small stand-alone mic- as a slave microcomputer and it can be accessed in the 
rocomputer. Although this microcomputer functions inde- same way as other standard peripheral devices. Since the 
pendently, when it is used as a peripheral controller, it is M5L8041A-XXXP is a complete microcomputer, it is easy to 
called the slave microcomputer in contrast to the master develop a user-oriented mask-programmed peripheral LSI 
computer. These two devices can transfer the data alterna- only by changing the control software. 


PIN DESCRIPTION 


Main power supply Connected to a5V supply 
Vop 
To. 


paveneunoly Connected to a5V supply 
wer Su 
Used as a memory hold when Vcc is cut off 





















An internal clock circuit is provided so that by connecting an RC circuit or crystal to these input pins the 
clock frequency can be determined. Pins X; and X2 can also be used to input an external clock signal 


Used to halt the execution of a command by the CPU When used in combination with the SYNC signal, 
the command execution of the CPU can be halted every instruction to enable single step operation 








cs Chip select input 
EA 
Serves as the read signal when the master CPU Is accepting data on the data bus from the M5L8041A- 
Read enable signal Input 
XXXP. ; 
Address input An address input used to indicate whether the signal on the data bus is data or a command 
Serves as the write signal when the master CPU ts outputting data from the bus to the M5L8041A- 


Ww Write enable signal 
XXXP 


SYNC Sync signal output | Output —_| Output 1 time for each machine cycle. 


Three-state, bidirectional data bus. Data bus 1s used to interface the M5L8041A-XXXP to a master sys- 
DQ o~DQ;_ Data bus Input/output : 




















tem data bus. 

















































= 
Quaisi-bidirectional port When used as an input port, FFig must first be output to this port. 
P25>~P27 | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary. 
P2y~P23 are used when the M5L8243P |/O port expander is used 
PROG Program Output Serves as the strobe signal when the M5L8243P I/O expander is used 
Quaisi-bidirectional port When used as an input port, FF,.¢ must first be output to this port. 
Plo~Pl7 | Port] input/output ? ee . ‘ P 
After resetting, however, when not used afterwards as an output port, this is not necessary 
| Provides external control of conditional! program jumps (JT1/JNTI instructions). 
Ty Test pin 1 Input : : 
Can serve as the input pin for the event counter (STRT CNT instructions) 
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TIMING REQUIREMENTS (ta = —20~75C, Vcc =5V410%, unless otherwise noted) 


DBB Read | 
Alternative 
Symbol Parameter Test conditions 
symbol 













Rested | 
Read pulse with / tog) = 2.5us 250 P| 











DBB Write 


yYMDO arameter est Conaiuons 


t fs rated 
su (cs-w) CS, Ao, setup time before write re ae 
tsu (ao-w) 
t is —- 
h (w-cs) CS, Ao, hold time after wirte twa 
th (w-ao) 


Data setup time before write 
th (w-pva) Data hold time after write two Pe 2084 


Port 2 
eyabal : ; \ Alternative raat ait 
mbo arameter est conditions 
: symbol | Min | Typ 
Port contro! setup time before PROG C. = 80pF 
tec 


PROG pulse width i oe 




















Output data setup time before PROG tp. 4 C. = 80pF 
Input data hold timer before PROG | ter | C. = 80pF 











Input data hold time after PROG 











: Alternative 
Symbol Parameter Test conditions 
symbol 


| tsu(oack.a) | Data acknowledge time before read | taco, | 
| thinoack) | Dataholdtimeatterread | tw | 
Data setup time before write tide 

Data hold time after write 


SWITCHING CHARACTERISTICS (Ta = —20~75C, Veco = 5V+10%, unless otherwise noted) 
DBB Read 


mbdo arameter est conartions nl 


| tezx(cs-pa) | DataenabletimeatterCS | tat ORF [stead 
Sesiee Danmar ee ee ee 
Data disable time after read el ee ea lee: (Eee 


DMA 


Alternative 
Symbol Parameter Test conditions 
symbol 














Data enable time after DACK 150 pF Load 
DRQ disable time after read 150 pF Load 
DRQ disable time after write 150 pF Load in oral 


Note 2 : Output voltage discriminating levels, low and high, are 0. 8V and 2. OV respectively 














3—28 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MSL8041A-XXXP 


SLAVE MICROCOMPUTER 





TYPICAL CHARACTERISTICS 


DATA BUS HIGH-LEVEL DATA BUS LOW-LEVEL 
OUTPUT VOLTAGE VS. HIGH-LEVEL OUTPUT VOLTAGE VS. LOW-LEVEL 
OUTPUT CURRENT 7 OUTPUT CURRENT 


HIGH-LEVEL OUTPUT VOLTAGE Vou(V) 
LOW-LEVEL OUTPUT VOLTAGE Vo,(V) 





HIGH-LEVEL OUTPUT CURRENT = Ioxn(mA) LOW-LEVEL OUTPUT CURRENT Io,(mA) 
P,;, Po LOW-LEVEL INPUT RESET LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL VOLTAGE VS. LOW-LEVEL 
INPUT CURRENT INPUT CURRENT 
5 


LOW-LEVEL INPUT VOLTAGE V,(V) 
LOW-LEVEL INPUT VOLTAGE _ V,(V) 





0 —-005 -01 -015 -02 --0 25 0 —~0 02 —0 04 —0 06 —0 08 —-01 


LOW-LEVEL INPUT CURRENT 1,(mA) LOW-LEVEL INPUT CURRENT 1|,(mA) 
NORMARIZED SUPPLY CURRENT (Icc) NORMARIZED SUPPLY CURRENT (Ipp) 
VS. AMBIENT TEMPERATURE | VS. AMBIENT TEMPERATURE 


(loc) 
(Ip) 


NORMARIZED SUPPLY CURRENT 
NORMARIZED SUPPLY CURRENT 





AMBIENT TEMPERATURE Ta(‘C) 
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DESCRIPTION 

The M5L8041AH-XXXP is a general-purpose, programmable 
interface device deisgned for use with a variety of 8-bit 
microcomputer systems. This device is fabricated. using N- 
channel sillicon-gate ED-MOS technology. 


FEATURES 

@ Mask ROM Pee meee merce renee cetera sees eresrees 1024-word by 8-bit 
@ Static RAMs rrr eee peerensers 64-word by 8-bit 
@ Instruction CY CIOs tersieios renee ereamieniscsa ss toe e rere ccevens 1.25us 


(Oscillator frequency 12MHz) 
@ 18 programmable |/O pins 
@ Asynchronous data register for interface to master pro- 
cessor 
@ 8-bit CPU, ROM, RAM, !I/O, timer, clock and low power, 
stand-by mode 
@ Single 5V supply 
@ Alternative to custom LSI 


APPLICATION 


Alternative to custom LSI for peripheral interface 


DIAGRAM 


DATA BUS 


XN 


aa 


ACC (8) 
LA (8) | 


enw 
CLOCK 


PIN CONFIGURATION (TOP VIEW) 


Veo (5V) 
Ro] — T, TEST PIN 1 
8] ++ P2,/DACK 
= INPUT/ 
Bd <* P26/DRQ | oiirpuT 
36] <> P2,/IBF PORT 2 


[35] +> P2,/OBF 


TESTPINO = To > LL 
CLOCK 1 Xi 
CLOCK 2 X2—> 

RESET RESET — [4] 
SINGLE STEP SS-—+[5| 
CHIPSELECT CS 

EXTERNAL EA 


ACCESS (NOTE 1 
READ 


ADDRESS 


WRITE INPUT/ 


OUTPUT 
PORT 1 


dXXX-VlLvO8 ISN 


EXTERNAL 
\/0 
CONTROL 


INPUT/ 
OUTPUT 
PORT 2 


DATA BUS 


Outline 40P4 





Note 1 : Connect to Vss in the operating condition. 


INPUT/OUTPUT PORT1 !tNPUT/OUTPUT PORT 2 


SINGLE STEP 
TEST PIN O 
TEST PIN 1 
READ 

WRITE 


CHIP SELECT 
ADDRESS 


EXTERNAL ACCESS 
(NOTE 1) 


EXTERNAL I/O CONTROL 
SYNCHRONIZED 
SIGNAL 
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ABSOLUTE MAXIMUM RATINGS 


Vi 
Vo 
: 







With respect to Vss 


| Vop | 
Pv [inputvotage SSCS 
[Vo | Outputvottage ——SSC~“‘~*~*~*~*~S~*™ 
| Pq Power dissipation 

Operating temperature range 





Low-level input voltage 
f(g) Operating frequency 





ELECTRICAL CHARACTERISTICS (Ta = 0~70T, Voc = 5 V+10%, unless otherwise noted) 


Low-level input voitage ! 


High-level input voltage (all except X1, X2, RESET) 
High-level input voltage (X;, X2, RESET) 
Low-level output voltage (DQ9~DQ;) lo. = 2mA 
Low-level output voltage (Plo~P17, P29>~P27, SYNC) lo. = 1.6mA 
Low-level output voltage (PROG) lo. = 1mA 
High-level output voltage (DQ 9>~DQ;) lon = —400uA 
High-level output voltage (all other outputs) lon = —50uA 
Input leakage current (To, Ty, R, W, CS, Ao, EA) Vsg S Vi S Voc 


falls aac 

High-impedance state output leakage current (DQo>~DQ;) 
Low-level input load current (Plo~P17, P29~P27) 
Low-level input load current (RESET, SS) Vi. == 0. 8V — 
top | Sine owtent en Voe 





Limits 
Typ 


Test conditions 











| 
nm] oO 
Oo} 
? 
©0 
< 


< 
Q 
) 
- 


Ww 
roe) 
< 
Q 
fe) 








ode We aeal e 
PSPS 
G1} Gr | on 


= es 
oO O!1o 
> 










>| >| > 


O}9 NS 

Nh] o1 A/a 
3/3/3/3)R 8 
pappe bccn 
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TIMING DIAGRAMS 








Read | 
eae) tw(R) hea 
DN ae 
' Saad 
tpzx(R-DQ) tpxz(R-0Q) 


CS-DQ) - . 


tpzx(Ap-00Q) tezx ( 


Write 
CS, Ao 
th (w-CS) 


th(W-Ag) 


tsuco-w) | [thc w-p) 


4 


XX THAN ARY AAR ERED VOUOEEDEOLOOTORUOOLOLOTCT 
parma, XARA AMX KYA YALOOATA_ DENK XXAAK RK KKK 


LVN INN IN IN IN IN ie. LULULD CM ALAA A AAA LA A A A AY YY YY A Ah 





Port 2 
SYNC 
tsu (Q-PR) thipR-a) 
ee 
ERE ANDED P2o-P23 DATA 


PORT OUTPUT 


( 
EXPANDER / \ 
PORT INPUT P2o-P23 DATA OBE CONIBCE | INPUT DATA 


Ttsu(PC-PR) 


_ — 


DMA 





My OUTPUT , 
nie 


DACK 


es] 


le 
a, 


th(w-DACK) 
pate PT XX =X 


=| 


tpzx(DAck-pb 
= Q) tsu(p-w) || th(w-b) 
™ Lt a 
tPHL(R-DRQ) tPHu(W-DRO) 
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APPLICATION EXAMPLES 
(1) Interface with M5L8085AP 


M5L8041AH fe —2 
-XXXP ie 


TP Eee 
a Rag ES eoas 
or Se Se YE te 
SP tg ee 2 

se ACE Bae 


ae 
LSP ey a 
RSS 


3 


x 


ee PERIPHERAL 
DEVICES 


Se Be 
c: 
. 





M58243P PERIPHERAL 


M5L8041 AH 2 DEVICES 
7 


-XXXP 





SERIES 
MELPS 8-48 


Microcomputer 
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FUNCTION M5L8042-XXXP contains the buffer register to use this LSI 
The M5L8042-XXXP is designed as an ordinary 8-bit CPU as a slave microcomputer and it can be accessed in the 
peripheral LSI chip and it contains a small stand-alone mic- same way as other standard peripheral devices. Since the 
rocomputer. Although this microcomputer functions inde- M5L8042-XXXP is a complete microcomputer, it.is easy to 
pendently, when it is used as a peripheral controller, it is develop a user-oriented mask-programmed peripheral LSI 
called the slave microcomputer in contrast to the master only by changing the control software. 


computer. These two devices can transfer the data alterna- 
tively through the buffer register between them. The 


PIN DESCRIPTION 


| 
Ground Fo oo Connected to a OV supply (ground) 
Main power supply _ Connected to a5V supply 

















a ae Connected to a5V supply ' 
ower su a 
oe Used as a memory hold when Vcc ts cut off 
Provides external control of conditional program jumps (JTO/JNTO instructions) 


) 
An internal clock circuit is provided so that by connecting an RC circuit or crystal to these input pins, the 
X1, Xe2 Crystal inputs Input E 4 ss J P P 
clock frequency can be determined. X; and X2 can also be used to input an external clock signal 
RESET 


CPU initialization input. . 


Used to halt the execution of a command by the CPU When used tn combination with the SYNC signal, 
Chip select input 


Test pin 0 

















the command execution of the CPU can be halted every instruction to enable single step operation 





Chip select input for data bus control. 


External access | Input Normally maintained at 0V 


CS 
Serves as the read signal when the master CPU ts accepting data on the data bus from the M5L8042- 
Read enable signal XXXP 


Address input An address input used to indicate whether the signal on the data bus is data or a command 
Write enable signal Input Serves as the write signal when the master CPU Is outputting data from the bus to the M5L8042-XXXP. 
SYNC Sync signal output | Output —_| Output 1 tme for each machine cycle. : 


Three-state, bidirectional data bus. Data bus !s used to interface the M5L8042-XXXP to a master sys- 
DQ 9~DQ;)| Data bus Input/output e 


tem data bus 
P29~P27 | Port2 Input/output 


PROG Program Output 
Pl P1 Port 1 -_ | Quasi-bidirectional port. When used as an input port, FF;. must first be output to this port 
- i After resetting, however, when not used afterwards as an output port, this is not necessary 


Provides external control of conditional program jumps (JT1/JNT1 instructions) 
T4 Test pin ] Input ; 
Can serve as the input pin for the event counter (STRT CNT instruction) 






Quasi-bidirectional port When used as an input port, FF;, must first be output to this port. 
After resetting, however, when not used afterwards as an output port, this is not necessary. 
P2)~P23 are used when the M5L8243P I/O expander ts used 
Serves as the strobe signal when the M5L8243P I/O expander is used 
























Input/output 
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TIMING REQUIREMENTS (Ta=0~70C, Voc = 5V+10%, unless otherwise noted) 
DBB Read _ 


yYMDo arameter est CONAITIONS 


Mee [ewes ty es 
twin) | Read pusewidh——SSSSOS™~Ss tt os ae ae 
[teu coon) | Chip select setup time beforeread——=~S~*~*~“*é‘“~*~sdSC‘i |S 
th cn-cs) | Chip solout ho ime aier ead | tra | 9 | [| ne 






















DBB Write 


mbo arameter est conaitions 


tw | 
t . ae 
tsu (ao-w) 
t 2 ene 
NAWaeS) CS, Ao, hold time after write 
th (w-ao) 
Data setup time before write 
Port 2 















a ; Alternative Test ai 
arameter est conditions 
symbol Min | 


Symbol 
twien) | PROG puke with ———SSS™S*~—~—sS~*~sste TSSCSC*~<“C~*~CSO CTS 
[teu cecipny | Port control setup time before PROG ——=SS~*~dCSC*=ie ~= OF SC«d=Ci| 
th ienec) [Port control hold tme after PROG ——SSSSS~*dCSistes «FSSC 
Output data setup time before PROG /C.=80pF ss || 200 «| sd 
i= fed 
ter Pee 










Input data hold time before PROG be tee C. = 80pF es 
Input data hold time after PROG | ter | CL = 20pF | oo | 


DMA | 


Alternative 
Symbol Parameter Test conditions 
symbol 


Te co anne Be Raa aE 
F tnin-oacky | DAGK old time aterfead —SSS~*~dCSCiw | 
F teu toacicw)| BAGK setup tine before wie ——SSSCS~dCiee | SSSS* 


Note 1 : Input voltage level V,;, = 0. 45V, Vin = 2. 4V 















SWITCHING CHARACTERISTICS (Ta = 0~70C, Voc = 5V+10%, unless otherwise noted) 
DBB Read | 7 


Alternative 
Symbol Parameter Test conditions 
symbol 


Data enable time after CS Cy = 100 pF 
t — 


Data enable time after read Le ates a C, = 100 pF 
texz (n-pq)_| Data disable time after read er | 


DMA 


Alternative 
Symbol Parameter 
symbol 


Data enable time after DACK 
DRQ disable time after read 
DRQ disable time after write 


Note 2 : Output voltage discriminating levels, low and high, are 0. 8V and 2. OV respectively 





AD 
Data enable time after address C, = 100 pF 
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TYPICAL CHARACTERISTICS 


DATA BUS HIGH-LEVEL 
OUTPUT VOLTAGE VS. HIGH-LEVEL 
OUTPUT CURRENT 





HIGH-LEVEL OUTPUT VOLTAGE Vo,(V) 


HIGH-LEVEL OUTPUT CURRENT  Iox(mA) 


P;, Pp LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 
INPUT CURRENT 


LOW-LEVEL INPUT VOLTAGE V,(V) 





0 —-005 —-01 -—-015 ~—02 —0O 25 
LOW-LEVEL INPUT CURRENT |,(mA) 


NORMARIZED SUPPLY CURRENT (Icc) 
VS. AMBIENT TEMPERATURE 


NORMARIZED SUPPLY CURRENT (lcc) 





AMBIENT TEMPERATURE Ta(‘C) 


DATA BUS LOW-LEVEL 
OUTPUT VOLTAGE VS. LOW-LEVEL 
OUTPUT CURRENT 


LOW-LEVEL OUTPUT VOLTAGE Vo,(V) 





LOW-LEVEL OUTPUT CURRENT Io,(mA) 


RESET LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 
INPUT CURRENT 


LOW-LEVEL INPUT VOLTAGE V,(V) 





0 -—0 02 -0 04 —0 06 —0 08 ~01 


LOW-LEVEL INPUT CURRENT 1,(mA) 


NORMARIZED SUPPLY CURRENT (Ipp) 
VS. AMBIENT TEMPERATURE 


(Ipp) 


NORMARIZED SUPPLY CURRENT 





AMBIENT TEMPERATURE Ta(C) 
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PIN DESCRIPTION 









Chip select 


pape 


o7™~ P43 | Input/output port 4 
In/out 
OPERATION 


es P53 | Input/output port 5 

P69~P63 | input/output port 6 

P79~P7, | input/output port 7 
The M5L8243P is an input/output expander designed spe- 
cifically for the Series MELPS 8-41 and Series MELPS 8-48. 
The Series MELPS 8-41 and Series MELPS 8-48 already 
have instructions and PROG pin to communicate with the 
M5L8243P. 
An example of the M5L8243P and the Series MELPS 8-41 or 
Series MELPS 8-48 is shown in Fig. 1. The following de- 
scription of the M5L8243P basic operation is made accord- 
ing to Fig. 1. 
Upon initial application of power supply to the device, and 
then about 500us after, resident bias circuits become stable 
and each device is ready to operate. And each port of the 
M5L8243P is set input mode (high-impedance) by means of 
a resident power-on initialization circuit. 
When the microcomputer begins to execute a transfer in- 
struction 

MOVD A, Pi i= 4,5,6,7 

which means the value on the port Pi is transferred to the 
accumulator, then the signals are sent out on the pins 
PROG and P2)~P23 as shown in Timing Diagram. 
On the high-to-low transition of the pin PROG, the 
M5L8243P latches the instructions (ex. 0000) into itself from 
pins P29>~P23 and transfers them to the instruction register 
(® in Timing Diagram). During the low-level of PROG, the 
M5L8243P continuously outputs the contents of the speci- 
fied input (output) port (in this case port P,) to pins P2>~ 
P2,; (@ in Timing Diagram). The microcomputer, at an 
appropriate time, latches the level of pins P2>~P23 and re- 
sumes high-level of PROG. 
The next example is the case in which the microcomputer 
executes 


























and input mode. 


\ 


[Name Tint Se outputf Fain 
Chip select input. A high on CS causes PROG input to be regarded high inside the M5L8243P, then this 
inhibits any change of output or internal status. 

A high-to-low transition on PROG signifies that address (PORT 4-7) and contro! are available on PORT 2, 
and a low-to-high transition signifies that the designated data is available on the disignated port through 
PORT 2. The designation is shown in Table 1. 
The 4-bit bidirectional port contains the address and control bits shown in Table 1 on a high-to-low tran- 
sition of PROG. During a low-to-high transition it contains the input (output) data on this port. 
The 4-bit bidirectional |/O port. May be programmed to be input, low-impedance latched output or a 
three-state. This port is automatically set output mode when it is written. ANLed or ORLed then con- 
tinues its mode until next read operation. After reset on a read operation, this port is in high-impedance 












MOVD Pi,A 
the transfer (output) instruction. 
In this case, as in the previous case, on the high-to-low 
transition of the pin PROG, the M5L8243P latches the in- 
structions (ex. 0110) into itself from pins P2>~P23 and trans- 
fers them to the instruction register (© in Timing Diagram). 
After this, the microcomputer sends out high to the pin 
PROG, transferring the data to pin P29~ P23 which is an 
output data to input/output port. Then the, M5L8243P trans- 
fers the data of pins P29>~P23 to the port latch of the desig- 
nated input/output port (in this case P,). In a few seconds 
after a low-to-high transition on the PROG, the designated 
port (P,) becomes in an output mode and the data of the 


i= 4,5,6,7 


port latch are transferred to the port Bue (@ in Timing 


Diagram). 
When instructions 
ANLD Pi,A 
ORLD Pi, A i= 4,5, 6, 7 


are executed, the microcomputer generally operates as 
same function as MOVD Pi, A. 

It only differs in that the data of port latch after @ in the 
Timing Diagram is ANDed or ORed with the data of port 
latch before @ and the data of pins P29>~P23. 

When instructions 


MOVD Pi, A 
ANLD Pi, A 
ORLD Pi, A i= 4,5,6,7 


are executed toward the port in an output mode, the out- 
puts are generated on the port as soon as low-to-high tran- 
sition on the PROG occurs. 
When the mode of the output port is going to be changed 
during the execution and the instruction 

MOVD A, Pi i=4,5,6,7 
is executed, it is preferable to execute one dummy instruc- 
tion. Because it takes a little time to turn the designated 
port into a high-impedance state after high-to-low transition 
on the PROG, the result may be that the first instruction is 
not read correctly. 
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TIMING REQUIREMENTS (Ta = —20~75°, Voc = 5V+10%, unless otherwise noted) 


Parameter 


tsucinst-pr) | Instruction code setup time before PROG 
th(pR-INST) Instruction code hold time after PROG 


Alternative 





Symbol Test conditions 


symbol 







80pF Load 
20pF Load 
80pF Load 
20pF Load 


ae 


tsu(Port-pr)| Port setup time before PROG 
Port hold time after PROG 


ta 
te 
tcs 
tcs 















th( pR-PORT) 








Alternative om 
Symbol Parameter Test conditions 
symbol 


Data access time after PROG tacc 80pF Load MeO ot 650 
Data valid time after PROG ti 20pF Load | oO | 


t 
ice Output valid time after PROG 100pF Load 
teLH(PR) 
t 
Input/output switching time 
tpxz(pR) 
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Example From the curve we see that with respect to lo, = 4mA, Io, 

To use 20mA sinking capability at port 7, find the effects on is 933mA (Point B) and that the above load of 90.4mA is with- 

the sinking capabilities of the other I/O lines. in the limit of 93mA. 

Assume the M5L8243P is driving loads as shown below. Note: The sinking current of ports 4~7 must not exceed 
3 lines: —20mA (Vo. = 1.0V max, port 7 only) 30mA regardless of the value of Vo,. 


4 lines: —4mA (Vo. = 0.45V max) 
9 lines: —1.6mA (Vo, = 0.45V max) 
Is this within the allowable limit ? 
= lop = (20mMA X 3) + (4mA X 4) + (1.6mA X 9) = 


90.4mA 


M5L8048-XXXP 


P2,~P2, 





Fig.2 Expansion interface example 
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PIN DESCRIPTION 


~_ 


















P2~P2 | input/output port 2 


P45~P4, | Input/output port 4 
In/out 
OPERATION 


P5o~ P53 | Input/output port 5 

P69~P63 | Input/output port 6 

P79~P7. | Input/output port 7 
The M5M82C43P is an input/output expander designed 
specifically for the Series MELPS8-41 and Series MELPS8- 
48. The Series MELPS8-41 and Series MELPS8-48 already 
have instructions and PROG pin to communicate with the 
M5M82C43P. 
An example of the M5M82C43P and the M5M80C49-XXxXP is 
shown in Fig. 1. The following description of the 
M5M82C43P basic operation is made according to Fig. 1. 
Upon initial application of the power supply to the device, 
each port of the M5M82C43P is set to the input mode (high- 
impedance) by means of the residént power-on initializa- 
tion circuit. 
When the microcomputer begins to execute a transfer in- 
struction 

MOVD A, Pi i= 4,5, 6,7 

which means the value on the port Pi is transferred to the 
accumulator, then the signals are sent out on the pins 
PROG and P2)~P23, as shown in the timing diagram. 
On the high-to-low transition of pin PROG, the M5M82C43P 
latches the instructions (e.g. 0000) into itself from pins P29>~ 
P23 and transfers them to the instruction register (@ in the 
timing diagram). During the low-level of PROG, the 
M5M82C43P continuously outputs the contents of the speci- 
fied input (output) port (in this case, port P4) to pins P2>~ 
P23, (@ in the timing diagram). The microcomputer, at the 
appropriate time, latches the level of pins P29>~P23 and re- 
sumes the high level of PROG. 
The next example is the case in which the microcomputer 
executes 





















and input mode 


Chip select input. A high on CS causes PROG input to be regarded high inside the M5M82C43P. This 
then inhibits any change of output or internal status 


A high-to-low transition on PROG signifies that address (ports 4~7) and control are available on port 2, 
PROG Program In and a low-to-high transition signifies that the designated data is available on the designated port through 
port 2 The designation is shown in Table 1. 


This 4-bidirectional port contains the address and control bits shown in Table 1 on a high-to-low transi- 
tion of PROG. During a low-to-high transition, it contains the input (output) data on this port 
4-bit bidirectional |/O ports. May be programmed to be input, low-impedance latched or 3-state These 
ports are automatically set to the output mode when written, ANLed or ORLed and this mode continues 
until the next read operation After reset on a read operation, this port is placed in the high impedance 





MOVD Pi, A 

the transfer (output) instruction. 
In this case, as in the previous case, on the high-to-low 
transition of pin PROG, the M5M82C43P latches the instruc- 
tions (e.g.0110) into itself from pins P2)~ P23 and transfers 
them to the instruction register (@ in the timing diagram). 

After this the microcomputer sends out high to pin PROG, 
transferring the data to pins P2)~ P23 which is an output 
data to the input/output port. Then the M5M82C43P trans- 
fers the data of pins P2)>~P2, to the port latch of the desig- 
nated input/output port (in this case P6). In a few seconds 
after a low-to-high transition on the PROG, the designated 
port (P6) is set to the output mode and the data of the port 
latch is transferred to the port pins (@ in the timing 


i=4,5,6,7 


diagram). 
When instructions 
ANLD Pi, A 
ORLD Pi, A 1=4,5,6,7 


are executed, the microcomputer generally operates as the 
same function as MOVD Pi, A. 

It only differs in that the data of the port latch after @ in the 
timing diagram is ANDed or ORed with the data of the port 
latch before @ and the data of pins P29>~P23 

When instructions 


MOVD Pi, A 
ANLD Pi, A 
ORLD Pi, A i= 4,5, 6,7 


are executed toward the port in an output mode, the out- 
puts are generated on the port as soon as low-to-high tran- 


sition on the PROG occurs. 


When the mode of the output port is going to be changed 
during the execution and the instruction 
MOVD A, Pi i= 4,5, 6,7 

is executed, it is preferable to execute one dummy instruc- 
tion. Because it takes a little time to turn the designated 
port into a high-impedance state after the high-to-low tran- 
sition on the PROG, the result may be that the first instruc- 
tion is not read correctly 





4—10 


MITSUBISHI 
ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


~ M5M82C43P/FP 


INPUT/OUTPUT EXPANDER 





TIMING REQUIREMENTS (Ta = —20~75C, Voc = 5V+10%, Vsg = OV, unless otherwise noted) 


Alternative 
Symbol Parameter Test conditions 
symbol 


tsu(inst-pR) | Instruction code setup time befor PROG ta C. = 80pF | 100 | | 
th(PR-INST) Instruction code hold time after PROG ts C. = 20pF | 60 | | 
tsu(pao-prR) Data setup time before PROG tc C. = 80pF 


en 
ee ies 
peo 

— 

oo 






















ayo 
O;}oO 








[ote | 100 





Port hold time after PROG 


SWITCHING CHARACTERISTICS (Ta = —40~85C, Voc = 5V10%, Vsg = OV, unless otherwise noted) 


Alternative 
Symbol Parameter Test conditions 
symbol 


Data access time after PROG C. = 80pF Oe. 


t 
PACER? Output valid time after PROG Pee, | ie ote 
teLH(pR) 
t 
Input/output switching time ae eS 
texz(PR) 
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Example: 
To use the 20mA sinking capability at port 7, find the effects 
on the sinking capabilities of the other I/O lines. Assume 
the M5M82C43P is driving loads as shown below: 

3 lines: 20mA (Vo, = 1.0V max, port 7 only) 

4 lines: 4mA (Vo, = 0.45V max) 

9 lines: 1.6mMA (Vo. = 0.45V max) 
Is this within the allowable limit ? 

= lop = (20mMA X 3) + (4mA X 4) + (1.6mA X 9) = 

90.4mA 


M5M80C49-XXXP | 


Fig.2 Expansion interface example 


From the curve it is seen that with respect to Ilo, = 4mA, lo. 
is 933mA (point B) and that the above load of 90.4mA is with- 
in the limit of 93mA. 

Note: The sinking current of port 4~ 7 must not exceed 
30mA regardless of the value of Vo.. 
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SERIES MELPS 8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL 
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5L8048-XXXP, M5L8049-XXXP, P-6, M5L8049H1-XXXP and M5M8050H-XXXP 


MITSUBISHI ELECTRIC ; 


Prepared 


Customer 
Company name 


Company address 


Company contact 





Approved 





The single-chip microcomputer type number to order and checking / in the boxes. Three sets of EPROMs should be 
the type of EPROMs to be supplied should be specified by supplied. 


EPROM type number 
(_]2732 | 12764 
microcomputer type number 


[JM5L8048-XXxXP LIA (0001¢ ~ 3FFi6) CIA (00016 ~ 3FFi6) 
























[18748 
[18748H 






















[IM5L8049-XXXP 
CIM5L8049-XXXP-6 


[]8749 
[18749H 





LIA (00016 oy 7FF46) LIA (00016 aad 7FFi6) 

























[18749 
[_]M5L8049H1-XXXP A (00015 ~ 7FF LIA (00015 ~ 7FF 
LA (00016 16) (00016 16) 48749H 
Note 1 : The high-level! data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1’, and 


low-level as ‘0’. 

2 : Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied 
EPROMs 

3 : The data of the addresses in parentheses on the EPROM are programmed onto the ROM 

4 : The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed 
into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The 
error report will show the address and data 


CUSTOMER’S IDENTIFICATION MARK | - 


If you require a special identification mark, please specify in the following format. 








Mitsubishi IC type number 


Note 5 : A mark field should start with the box at the extreme right 
6 : The identification mard should be no more than 12 characters consisting of alphanumeric 
characters (except J.| and O) or dashes 


COMMENTS 
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MASK ROM ORDERING METHOD 
Described below is the ordering method applicable when 
programs submitted by the customer are written into the 
mask ROMs. 

An automatic mask ROM design program is prepared 
for writina programs into mask ROMs, and (1) the drafting 
data for mask ROM generation, (2) the reference list for 
mask ROM preparation error checks and (3) an automatic 
test protram for the large-scale tester designed to test the 
mask ROMs are all automatically generated. 

When the object program is stored in the Series MELPS 
8-41 single-chip microcomputer mask ROM, the order for 
the object program medium is received as an EPROM 
form. Consequently, the EPROM or EPROMs which have 
stored the object program equivalent to one single-chip 
microcomputer chip should be submitted accompanied by 
the prescribed confirmation sheets for 3 sets of EPROMs 
respectively. 


/ 


ae SPECIRICATIONS 


Usable EPROMs include Mitsubishi's M5L2732K and 
~ MSL2764K or Intel’s 2732, 8741, 8741A, 8742 or their 
equivalent. The M5L2732K and the M5L2764K are the 
standard EPROMs. 


2. “High” is treated as 1 for the EPROM data and 
address. 

3. All the data from the head address to the final address 
are treated as the EPROM'’s effective data. 

CHECKPOINTS 


1 


. Cleary indicate the type number of EPROM. 


SERIES MELPS 8-41 MASK ROM DEVELOPMENT CAD SYSTEM 


FROM CUSTOMER 
CONFIRMATION 
SHEET 
OBJECT 
PROGRAM = al a EO 
GENERATION WY VAY 


CHECK LIST 
(CODE TABLE) 
YES <r y 


| 


| 


NO 
ERROR? 


YES 


MASK 
DRAFTING 
TEST DATA 


MASK DRAFTING DATA 


a NO ORDER TO MAKE MASK | 
MASK 
CHECK MANUFACTURING 
PROCESS 


ACCEPTANCE 


uask pom 
! 


‘MITSUBISHI ELECTRIC 


MASK ROM : 
AUTOMATIC 
DESIGN PROGRAM 


ROM TEST PROGRAM 


J 


LARGE 
TESTER 
@ WATER 
Tet 
@ FINAL 





aTeT TEST 
MANUFACTURING @ QA TEST 
PROCESS 
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